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Social and Environmental Assessment of  
Municipal Solid Waste Management Scenarios in Cali:  
From Landfilling towards Integrated Recycling Schemes 
 
 
Abstract 
The environmental and social challenges of Solid Waste Management in developing countries have 
become an increasingly pressing issue. Disparities between the rich and poor continues to increase in 
many of these regions where growing urban areas often witness the worst signs of maltreatment of 
human labour and misallocation of waste as a resource. This thesis is a case study of the Municipality of 
Cali in Colombia, where city managers and the stakeholders involved are wrestling with the challenges 
referred to. Unsustainable patterns of waste production, inefficient collection methods, unorganized 
human labour, insufficient coverage of the collection system, lack of awareness and absence of a civic 
culture on waste handling in concert with improper disposal of municipal solid waste, lack of knowledge 
and laxity in compliance to policies, are the foremost threats to human health and environmental 
quality in Cali. The paper focuses on the assessment of environmental and social impacts of the 
municipal solid waste management in this city, , based on the comparison of four scenarios:  landfill with 
no further treatment, landfill with a social-inclusive recycling system for inorganic materials, sorting 
plant with compost production and sorting plant with biogas combustion to generate electricity. Key 
social aspects for evaluating improvements in the system are job creation, freedom of association, 
human health and equity.  Global warming, ecotoxicity, avoidance of abiotic depletion, saved fuel 
consumption and waste recycling are the main indicators for the environmental assessment.  These 
scenarios allow comparisons and interpretations based on the selection of a mix of priorities in order to 
motivate potential balanced improvements for the city.   
 
Keywords: Municipal Solid Waste Management, SLCA, ELCA, Recycling, Landfill. 
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1. Introduction 
 
1.1 Background 
1.1.1. Sustainable Development and a Sustainable Society 
The definition made by the Brundtland 
Commission about Sustainable Development is 
wide known, it has been repeated and rewritten 
innumerable times since “Our Common Future” 
was published in 1984. Every country interprets 
the meaning which might be simple but at the 
same time vague.  That is a weakness specially 
when is misused to make distinctive references to 
continued economic welfare, without balancing 
the three pillars of sustainability.   However, the 
Brundtland Commission´s own conception was 
more elaborated than that: 
  “The concept of sustainable development does 
imply limits –not absolute limits but limitations 
imposed by the present state of technology and 
social organization on environmental resources 
and by the ability of the biosphere to absorb the 
effects of human activities.  But technology and 
social organization can be both managed and 
improved to make way for an era of economic 
growth. The commission believes that widespread 
poverty is not longer inevitable. Poverty is not 
only an evil in itself, but sustainable development 
requires meeting the basic needs of all and 
extending to all the opportunity to fulfill their 
aspirations for a better life.  A world in which 
poverty is endemic will always be prone to 
ecological and other catastrophes… 
Yet in the end, sustainable development is not a 
fixed state of harmony, but rather a process of 
change in which the exploitation of resources, the 
direction of investments, the orientation of 
technological development and institutional 
change are made consistent with future as well as 
present need.” (WCED 1987) 
It is interesting to know that the original definition 
started with social conditions for sustainability 
and not with environmental concerns: the need 
for equity and for democracy.  The social 
standards proposed by an emergent and 
globalized capitalist economy around the 70´s and 
80´s, speeded up the process of disparities and 
misused of resources. Especially in developing 
countries, growth with couple growing 
urbanization, has led to increase the gap between 
middle-income and rich people who become even 
wealthier while the poor and people living in rural 
areas are displaced and forced to get resources for 
making a livelihood (Graham 2001). 
 
1.1.2. Sustainable Development of Municipal Solid Waste Systems 
Sustainable development comprises the social, economic and environmental activities and actions taken 
place within that part of the environment that is made or modified by humans: the anthroposphere.  
During most of the time on Earth, humankind made little impact on the planet, and its small, widely 
scattered artifacts (tents of dwelling, narrow trails worn across the land for movement, clearings in 
forests to grow some food), rested lightly on the land with virtually no impact (Manahan 2000).    The 
capacity of transforming our surroundings, in look for progress and improvements on the standards 
considered as the best quality of life, in other words wellbeing, have brought as consequence the 
transformation of the other environmental spheres with the impacts we face nowadays.    
The anthroposphere provides physical spaces where all these activities are performed by 
interconnected elements that form different ecosystems and inert systems.  One of the categorizations 
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of these spaces is the cities; relative large and permanent settlement providing humans with the 
complex systems that allow them a modern living: land usage, housing, transportation, nourishment, 
utilities and public services. 
To evaluate and optimize any of these systems is necessary to know the interexchanges of materials and 
energy happening along the city –the metabolism of the system (Brunner and Rechberger 2004).  One of 
the systems showing the unbalanced use of resources is the waste management structure which 
concludes with the end of life of most of the activities and goods used in our modern society. 
Historically, solid waste was considered as the waste produced merely by humans and animals, 
resources to support life.  Later on, with industrial activities taken place along the cities, the scope of 
solid waste was broadened to include wastes generated by these actions.  Afterward, it was also 
realized that the catastrophic events such as earthquakes, floods and also fire generated residues.  
These residues, the result of natural disasters or the outcome of construction and demolition activity, 
was also considered to be solid waste that needed to be removed (Tchnobaglous, Theisen and SA 1993). 
The management of solid waste was not a major issue when the population was small and the land 
available for the assimilation of waste was large.  Furthermore, the impact of waste on public health was 
not yet fully realized.  After the outbreak of the worst public health impacts, especially in Europe, the 
removal of waste became one of the top priorities for public health.  That was not only applicable to 
biodegradable wastes, which produce disease-related vectors, but was also applicable to non-
biodegradable wastes, which were accumulating and resulting in urban flooding and were affecting 
sanitary conditions.  
Removing waste from the cities and dumping it outside and burning it, became also a problem for 
human health and the environment. Leachate from dumps started seeping into water resources and 
into agricultural fields, resulting in contamination of water and food.  Local air pollution from burning of 
waste increased the incidence of various diseases.   Solid waste management became a priority public 
service for local governments. 
The term Municipal Solid Waste varies from region to region, some include hazardous waste from 
households; bulky wastes; street sweeping and litter; parks and garden wastes; from institutions; 
commercial establishments and offices (Hester and Harrison 2002).  New types of waste also continue to 
emerge such as waste from healthcare services, wastes from discarded electronic equipment including 
computers (e-waste), waste from end-of-life vehicles (ELV), wastes from urban agriculture, and huge 
quantities from construction and demolition activities which means dealing also with complex new-
materials.  
 
1.1.3. Municipal Solid Waste System in developing countries : Social and Environmental considerations 
The main objectives of municipal solid waste management are to protect and improve human health 
and the environment by reducing human exposure to injuries, accidents, nuisances and diseases due to 
inadequate solid waste management.   However, it is very complex to establish a direct relationship 
between inadequate solid waste management and health.  It is documented that diseases have multiple 
causes, among them, poverty, malnutrition and lack of basic sanitation services, including deficient solid 
waste management (Cointreau 2006).  There is a special link with educational levels and cleaning 
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practices.  In general, the higher the level of education, the higher the ecological and environmental 
awareness and the more rooted personal hygiene and cleaning habits of dwellings and public areas. As 
well, more assertion in demanding better public services, including refuse collection (IDB/PAHO 1997). 
 
Another important feature with impact on the three social/environmental/economic factors, with 
regard the SWM System is the high rate of urbanization.  In 1995 the urban population was 196 million 
(61%) and in 1995, 358 millions (74%). In 20 years the population that required urban sanitation services 
grew more than 80%. In 2010 the population is about 580 million, which in other words means a rate 
growth of 60%.  The high rate of urbanization of Latin America and the Caribbean is very important for 
municipal solid waste management. On the one hand, metropolises and large cities, including marginal 
areas and suburbs, will increase their demand of services, and on the other hand, thousands of medium 
and small cities will require technical, financing, and managerial assistance, which will represent a major 
challenge for national and municipal governments, and also for financing agencies and technical 
assistance organizations (IDB/PAHO 1997).    
 
With regard the environmental impact caused by handling waste, the negative consequences are 
present in the following decreasing order of risk: final disposal sites; temporary storage sites; transfer 
stations, treatment and recovery plants; and during collection and transportation processes. The impact 
affects water, air, soil, and landscape. Compliance of environmental protection regulations has to face 
institutional, legal, financial, and especially surveillance limitations. To achieve sustainable development, 
it is necessary to increase waste recovery, reuse, and recycling. The most important issue to face 
negative environmental impacts in developing countries is to improve MSW management, specifically 
final disposal (UN-HABITAT/2918 2010). 
                                                                 
1.1.4. System Design for Sustainability 
 
Design as a noun informally refers to a plan or convention for the construction of an object or a system 
that fulfills special needs and requirements (Oxford s.f.).  Designing necessitates the consideration of 
technical, functional, economic, socio-political and cultural dimensions of the object/system and the 
environment which surrounds the plan.    
 
Frequently, Design for Sustainability is considered as ecodesign or design for the environment.  
Nonetheless, the D4S approach goes beyond creating a “green product” – and strives to provide 
solutions through sustainability-oriented interventions in a systematic and systemic way (UNEP-DTIE 
2009).  Design solutions (products and services) have an important impact through their life cycle 
(Rebitzer, et al. 2003.), not only to the environment but also to society and the economy of a region.  
The Design phase is usually excluded, since it is often assumed not to contribute significantly to impacts. 
Nevertheless, decisions taken in this phase of designing and developing highly influence the impacts in 
the other life cycle stages.  Design for Sustainability should be the way how all products and services are 
provided to the market, as it must consider the three pillars of sustainability: people, planet and profit.  
This strategic thinking might be incorporated into any process of creation, especially for long-term 
initiatives and innovation as it strives alleviate the impacts generated in the product´s supply chain and 
throughout its life-cycle. 
 
 
 
So
lid
 W
as
te
 M
an
ag
em
en
t 
in
 C
al
i |
 1
1
In the context of this case study, D4S is addressed to the evaluation of the current systems and 
rethinking how it can be set to improve profits, management and social benefits while reducing 
environmental impact.   Sustainable Design has evolved from considerations on pollution prevention, 
initiating with focus on cleaner production to a wider horizon that includes transport logistics, end-of-
life collection, and component reuse or material recycling (UNEP/DTIE/SCP 2006).    
 
In developing economies, services and products tend to be benchmarked from those existing on the 
market.  Companies and organizations are concerned about following and entering developed country 
markets.  Nevertheless, more immediate needs are present in these developing economies; create 
awareness about the implication of resource use, concerns on poverty alleviation and environmental 
degradation (UN-HABITAT 2010).  The introduction of this approach in these countries becomes a key 
element that enables a wider consideration of the problematic and its resolution. 
 
To be sustainable, product/service innovation has to cope with assorted challenges linked to people, 
planet and profits: social outlook and a balanced distribution of value along the value chain, and these 
actions must work within resources management and carrying capacity of the supporting ecosystems. 
 
    
 
 
 
 
 
“Designers are both: 
In command of what they do 
but at the same time 
they are agents of ideology, 
subcontractors of a bigger system. 
Both conditions co-exist in the work of design” 
 
Guy Julier (2000), The Culture of Design 
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1.2 Motivation and Aim of the Thesis 
If we consider the present state of technology and social organization on environmental resources and 
the ability of the biosphere to absorb the effects of human activities as the main parameters to evaluate 
sustainable development, then we can see explicit signs of unsustainable patterns of living on the way a 
developing economy faces the problem of “waste”.   
For more than 50 years, when back in the 1960s the developing city of Cali experienced the most rapid 
population growth and quick industrialization, the management of resources became a dramatic issue 
since increasing amounts of materials, energy and job opportunities arose and the options for supplying 
these needs appeared to be strongly limited. Misused of resources has led to important economic, social 
and environmental negative consequences that still linger to be a problem for government and society. 
The waste management is the kind of urban system that remains “invisible” to the citizens when it 
seems to work “normally”. But when the system collapses, as it was the situation of the previous open 
dumpsite at Cali in 2008, all the problems and stakeholders awareness raise as a momentary issue. Even 
though the government has taken actions to environmentally improve the waste management system, 
given that nowadays a sanitary landfill is the main final disposal option, is not possible to put side by 
side and make out how the new system performs.  The ecological damage related to waste treatment 
practices in developing countries has been little measured (Gyalpo 2008), and specifically in Cali there is 
not available data to this regard. Even more dramatic to find measurements of the social concerns 
linked to this sector, the government does not provide specific information about the system´s 
performance and potential improvements. 
The motivation for writing this thesis comes from my special interest on the social and environmental 
impact related to solid waste management in my home city Cali.   If anything represents the “ill-being” 
and resources problems of this region, is the poor and unhealthy condition of garbage pickers, illegal 
practices in both the informal and formal sector around diverse processes of the value chain and the 
lack of goal-achievements due to a lack of organization and proper management.   
As a professional in the industrial design field specializing in sustainability, my personal motivation lies 
on the perspective of Design for sustainability, not only on creating a solution for a specific need 
(product) but evaluating a urban system that should accomplish specific social and environmental 
requirements.  The intention is rethinking and exploring how the system and its components, both 
natural (humans, environment) and created (technology, economic/political factors), can be redesigned 
for presenting different solutions of resources management. 
 
Research Aim and objectives 
The aim of this master thesis is to provide a general overview of the Municipal Solid Waste Management 
System in Cali outlining the social and environmental perspectives. For this case, is significant to 
consider not only the final treatment of waste, but also some stages of the value chain as they can 
perform different pictures of the system and actors implicated. Special importance is given to the 
recycling activity as the main driver of change within the system. Recycling seems to provide a way of 
managing resources from other perspectives according to previous local experiences and current trends 
in both developed and developing countries.  These both perspectives are useful as mean to measure 
how the system performs and how it can be improved through design thinking – sustainable design.  
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This thesis looks to discuss how the social and environmental issues of The Solid Waste Management 
System in Cali can be measured using current and available tools under the sustainability paradigm and 
how these measurements can lead to the implementation of specific strategies and targets in order to 
improve the design towards more sustainable options.   
Specific Objectives are targeted: 
 Application of Sustainability tools that consider the social and environmental perspective and 
allow the assessment of several processes of urban systems. 
 Define the main drivers and challenges of the Solid Waste Management System in Cali in order 
to propose potential improvements through Design for Sustainability 
 Redesign and redefine the System creating different scenarios that measure the main 
considerations of this thesis: social and environmental issues. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To summarize, this study is to enquire about Research Questions: 
1. What are the most 
influential factors and main 
challenges for improving 
the current Solid Waste 
Management System in 
Cali? 
 
2. How effective are the 
methods SLCA and ELCA for 
measuring social and 
environmental impacts of the 
solid waste management in 
Cali according to the 
availability and relevance of 
collected data? 
3. Is the application of these 
methods a realistic path to 
improve the system under 
the sustainability paradigm? 
 
Availability, Relevance, Specificity 
SWM in Cali | State-of-the-art 
Starting Point 
Environmental and Social Measuring             DxS 
Aim 
Sustainability – Industrial Ecology 
Methods 
SLCA+ELCA | DxS | Scenarios Application - Assumptions 
Relevance and suitability Desired outcome/ achievements 
Applicability Conclusions 
Data 
collection 
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2. Literature Review 
2.1 Material Flow Analysis 
Material Flow Analysis as a systematic assessment of the flows and stocks of materials within a system 
defined in space and time.  This methodology represents a key tool for Industrial Ecology which is based 
on the principle of conservation of matter, MFA accounts for all materials and energy used in production 
and consumption, including the hidden flows or ecological rucksacks.  Through balancing inputs and 
outputs, the flows of wastes and environmental emissions become visible, and their sources can be 
identified (Brunner and Rechberger 2004). The identification of wastes is a major issue on MFA, as the 
purpose of conducting the methodology is to minimize the flow of materials while maximizing the 
human welfare generated by the flow. Thus, it allows the monitoring of wastes that are typically not 
accounted for in traditional analysis.  As such is a method for evaluating the efficiency of using material 
sources (Bringezu, et al. 1997).  
In this case study this methodology is taken into account at a very initial and raw stage for 
understanding and analyzing the specific situation on Municipal Solid Waste Management in Cali while 
providing an overview of how waste streams flow along the system during a specified time and defined 
processes.  Clearly, this tool goes further if intensely implemented, but according to the aim of this 
project, it should be considered in extension for future research.    
 
2.2 Municipal Solid Waste Management  
Waste is a by-product of human activities.  The definition of waste varies from source to source, but 
certainly it refers to lack of use or value, or “useless remains” (Oxford s.f.).  The lack of value in many 
cases can be related to the mixed and often, unknown composition (McDougall and White 2001) of the 
waste. Separating the materials in waste generally leads to a value increase for these potential 
recovering substances.   
Municipal Solid Waste (MSW) is set of the non-hazardous not prime products (products produce for the 
market) for which the generator has no further interest of use for the same purposes of production, 
transformation or consumption and wants to dispose. This waste is managed by municipalities.  The 
group of generators varies from country to country, including: households, including bulky waste, similar 
waste from commerce and trade, office buildings, institutions and small business, yard and garden, 
street sweepings, contents of litter containers, and market cleansing (BASEL CONVENTION 2004).  Waste 
from municipal sewage networks and treatment, as well as municipal construction and demolition are 
not considered. 
Composition of municipal solid waste changes also from country to country, especially from developed 
economies compared to developing ones, where the organic fraction still remains as the highest stream 
produced.  The bunch of materials found on municipal waste ranges from food, yard wastes, paper, 
cardboard, bags and containers, plastic bottles, rubber, leather, textiles, wood, metals, glass, ceramics, 
bones to electric appliances (EPA 2011). The following chart shows the tendency on waste streams in 
different countries, both developing and developed economies. 
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Waste streams in developed and developing countries 
Ilustración 1.  Municiapal Waste Streams across different countries in the world 
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2.3 Scenario-based Methodology 
 
Definitions of scenarios abound in the literature. According to the definition given by Peter Schwartz in 
his book "The Art of the Long View" (Schwartz 1996):  
"Scenarios are a tool for helping us to take a long view in a world of great uncertainty. The name comes 
from the theatrical term "scenario" – the script for a film or play. Scenarios are stories about the way 
the world might turn out tomorrow, stories that can help us recognize and adapt to changing aspects of 
our present environment. They form a method for articulating the different pathways that might exist 
for you tomorrow, and finding your appropriate movements down each of those possible paths. 
Scenario planning is about making choices today with an understanding of how they might turn out. In 
this context the precise definition of "scenario" is: a tool for ordering one’s perceptions about 
alternative future environments in which one’s decision might be played out. Alternatively, this would 
mean a set of organized ways to explore about our own future. Concretely they resemble a set of 
stories, either written out or often spoken. However, these stories are built around carefully constructed 
"plots" that make the significant elements of the world scene stand out boldly. This approach is more a 
disciplined way of thinking than a formal methodology." 
In this context, the scenario-based methodology helps to describe how potential reality of the Solid 
Waste Management System in Cali can be envisioned. For this case study, these pictures will try to 
follow three tendencies within a very potential situation driven by social or technological innovation.    
 
2.4 Life Cycle Thinking 
As it has been defined by UNEP (UNEP - Life Cycle Initiative 2005), Product Life Cycle Thinking is essential 
in the path to sustainability by expanding the focus from the production to the whole product life cycle.  
The main goal of product life cycle thinking is to reduce resource emissions to the environment as well 
as enhance the social performance in various stages of a product´s life. In each life cycle stage there is 
the potential to lower resources consumption and improve the performance of the product. 
This methodology results to be useful in the analysis of waste. Provided that all upstream and 
downstream processes are equal, the life cycle of waste starts when products are disposed of in the 
trash bin and ends when the waste material is degraded or brought back to any socio-economic system 
through recycling or reuse as product.  
Life cycle thinking in this case study, the waste management sector, will be applied in order to compare 
the environmental and social performance of alternative waste treatment systems and identify focus 
areas for system performance improvement. 
The application of this methodology on a developing economy results challenging as common databases 
mainly contain processes and information of developed countries.  Some assumptions on emission 
factors with regard processes like open-burning and open-dumping have to be made to build up a 
realistic picture of the current system for this case study. Special attention is also given to waste 
composition, as developing countries count with a higher organic fraction which brings up different 
impacts on the environment. 
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3. Methods 
 
3.1 Case Description 
Characterization of the country: Colombia 
 
Social, Economic and Environmental characteristics 
Colombia, with a population of 45.925.397 people (DANE, 2010) along an area of 1.141.748 Km2, is the 
fourth largest economy in Latin America. The country characterizes by its diversity and big contrasts of 
poverty and richness. Society is “divided” into six different socio-economic levels according to income, 
while the first level is regarded as the lowest one. By 2009 Colombia reached a Gini Coefficient of 0.587, 
which was the highest in Latin America, but also occupied the high place 119th out of 126 countries in 
the world. According to the World Bank (WDI, 2011), Colombia is considered as an upper-middle income 
country in terms of GNI ranging from US$3.946 to US$12.195.  
The office of United Nations High Commissioner for Human rights declared a decrease in the poverty 
rate in recent years, but still half of the population continues to live under the poverty line as of 2008 – 
2009.  About 46% of Colombians live below the poverty line and 17% in “extreme” poverty. 
Columbia's minimum wage is 536,805 Colombian pesos (COP) a month, equivalent to approximately 
US$302. The minimum wage is established by the government every January and serves as a benchmark 
for wage bargaining. This is one of the lowest wages in Latin-America, while in Brazil the minimum is 
US$341, in Argentina ranges around US$460, Paraguay with US$410 and Chile with US$372 among 
others. 
In terms of education, the country counts with a literacy rate of 93%, while in terms of health care, 91% 
of the population is covered by the insurance system.  
The majority of the urban centers are located in the highlands of the Andes Mountains, but the territory 
also encompasses Amazon rainforest, tropical grassland and both Caribbean and pacific coastlines.  
Ecologically, Colombia is one the world´s 17 megadiverse countries and the most biodiverse per unit 
area (Conservation International, 2010). 
The most important natural sources, as important drivers of the economy are: petroleum, natural gas, 
coal, iron ore, nickel, gold, copper, emeralds and hydropower.  
The industrial sector is represented by textiles, food processing, oil, clothing and footwear, beverages, 
chemicals, paper, cement; gold, coal, emeralds.  The agriculture sector is characterized by coffee, cut 
flowers, bananas, rice, tobacco, corn, sugarcane, cocoa, beans, oilseed, vegetables and forest products 
among others.  
 
 
 
 
So
lid
 W
as
te
 M
an
ag
em
en
t 
in
 C
al
i |
 1
9
Municipal Solid Waste Management in Colombia 
The country generated in 2009 a fraction of 25,079Tons/day of municipal solid waste distributed along 
32 provinces comprising 1.101 cities, according to the SIU (SSPD 2009). From this waste, 40.79% 
(10.031t/d) corresponds to the four biggest cities in the country and this part at the same time when 
disaggregated, shows a 23.48% of waste produced in Bogotá (capital of Colombia), followed by the city 
of Cali with 8%, Medellin  by 7.16% and Barranquilla with 2.15%.  The remaining portion is divided into 
28 capital cities accounting to 18.7% while 1.069 towns share the other 40.5% (10.156t/d) of the total. 
 
In Colombia, waste generated per capita represents a 0.6kg/cap/day, varying from city to city: in Bogotá 
the production per capita throws a number of 0.95kg/cap/day, while in intermediate cities is 
0.81kg/cap/day and in small cities is 0.31kg/cap/day.   
 
Collection coverage and transportation in the country stand for approximately 96% in urban zones, 
whilst in rural zones the picture is very complex since only 1.6% of these territories count with these 
services.    
 
Along the country different options for treating waste are encountered. In 2009 according to The State 
Department of Public Services (SSPD 2009), a 92.8% of the total disposition of waste is made in sanitary 
landfills or treatment plants, while inappropriate disposition still accounts for 7.2% of the national waste 
generation (1.768t/d). 
    
Still some practices as open dumping and burning of waste as burying and releases into water bodies, 
represent a problem of final disposition of waste, difficult to control and avoid.  It is important to 
mention that many of the disposal sites do not accomplish with technical characteristics to ensure an 
adequate final stage for the waste. 
 
 
Characterization of the selected city: Cali 
With a population of 2,222,646 inhabitants in 2009 and an area of 4,977Km2, Cali is recognized as the 
main urban axis of the pacific zone and one of the most important cities in Colombia.  Cali has one of the 
fastest growing economies and infrastructure in Colombia because of its geographical situation.  It lies 
on the edge of the fertile Cauca Valley in Western Colombia – the richest agricultural region in the 
country, famed for its production of sugar cane.  
 
The main industrial area lies to the north of the metropolitan area, industries have been attracted by 
the fact of relatively proximity to Buenaventura´s Port and Pan-American Highway.  Cali is also 
surrounded to northeast by the Cauca River which is one of the most important ones in Colombia, 
supplying different urban activities at a 76% rate of services.  The river has been polluted by diverse 
industries and human activities along its path; passing though Cali, the river is a sewage dump of 
200.000 persons acting around.  At this point the water is not suitable for human consumption, the 
company in charge of Municipal Water Services spends important resources to oxygen it and supply this 
basic sanitary service (Contraloria 2010). 
 Social, Economic and Environmental characteristics 
Cali, the third largest city in Colombia, plays a leading role in social and political life of south-west. The 
urban dimension reached during the last decades, has accompanied various issues and social conflicts, 
political, armed, economic, cultural and environmental, which made it a highly complex city in national 
context. The economic crisis and its proximity to areas with presence of illegal armed groups and drug 
trafficking have made the South West as the main city receiving permanent migration of population 
displacement. 
 
The diagnoses made by experts reveal that "the decade of the nineties, Santiago de Cali entered into a 
social and economic decline, intensifying in such a way that the population below the poverty line 
increased from 29.8% to 39%.  The poorest districts at the eastern part of the city, recorded poverty at a 
factor of 54.2%, by means, more than half of people live in poverty and are unable to cover basic human 
needs. The population in poverty increased from 5.3% to 10%, while poor districts suffered the higher 
increase (Urrea 2004). 
 
Despite the efforts of various governmental and civil societies towards mitigating the problems of 
violence and social injustice, the city evident in different population sectors, increasing levels of poverty, 
inequality and social-economic exclusion. This problem is exacerbated by the phenomenon of forced 
displacement. According to “The Peace Observatory of The Valle del Cauca Region”1, figures based on 
                                                          
1
 Organization in charge of following-up the national forced migration process from diverse regions to the “El Valle 
del Cauca” province. 
Benchmarking facts of Cali 
Ilustración 2. Benchmarking facts of Cali 
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the Unified Register of Social Solidarity Network, between 1999 and January 2005, 30.410 people were 
forced to immigrate to Cali due to violence, representing a total of 7.152 families. 
 
These settlements are located at the depressed and violent sectors that accounted for 52% of the 
homicides in the city in 2004 (Torres 2002), emphasizing the problematic situation and dynamics 
present in these locations. Part of that this displaced population does not have a defined economic 
activity, so they consign themselves on informal activities such as waste recycling or transportation of 
D&C Waste for making a living of sources that have no cost for them and represent a problem for 
society. 
 
This is part of the reason why socio-economic and socio-cultural actions are the priority.  The 
municipality is putting important efforts on Environmental Recovery and Habitat Development and 
Planning, so living standards can be improved while providing quality of life and a safe environment.  
 
 
 
 
 
  
The Open Economic-environmental Loop: 
endless exclusion  
The close Social Loop: endless poverty 
Ilustración 3. The close loop of poverty and the open loop of resources management. Author´s illustration 
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Governmental issues 
The national government has a relative minor role in the solid waste management at each municipally in 
the country. Nonetheless has a considerable influence on policy making and sets the legal framework.  
Laws, regulations and standards are established at a national level, but usually more concern with 
financial and environmental aspects are the main issues at this level.  At a National scale, the entity 
responsible for waste management policies and plans is the Ministry of Environment, Housing and Urban 
Development (MAVDT).  Research institutes as Colciencias (National Department of Science, Technology 
and Innovation) and SENA (National Service of Apprenticeship) are linked to the national government, but 
research tend to be focus on very specific process with regard environmental issues and technology 
transference.   
 
Regional administration in Cali, which is the “Governación del Valle del Cauca”, is involved also at a 
controlling activity of finances rather than following up the day-to-day activities.  The main organism with 
regard environmental issues is CVC (Regional Autonomous Corporation of Valle del Cauca) which is the 
entity responsible for setting environmental policies and strategies and make it happen.  
 
 Until 2008 the local government of Cali was in charge of providing the whole cleansing service all the way 
through the company EMSIRVA. Due to important weaknesses as problems of corruption (Cali cómo 
vamos 2009), financial crisis and service inefficiency the company was closed and the general service of 
cleansing was open for involvement of private companies still under local governmental control. 
 
Expenditures on waste management have varied due to changes on this public service.  The government 
charges the cleansing service to citizen according to their income-level which in the lowest ones is 
subsidized to cope with payment capacities.  Since 2009 new processes are included within the system, 
management of the transfer station and transportation to the sanitary landfill which is 42km away from 
Cali as well as management of this landfill, which results on making the service more expensive for the 
government.  Coverage of waste collection and sweeping has improved in the city reaching a 96% 
(Alcaldia de Santiago de Cali 2010), while more waste is handle, transported and disposed of in the 
landfill.  Costs of these services go up and increasing impacts on the environment are challenges for the 
government in addition to raise citizens’ awareness on these matters. 
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Status-Quo of the Municipal Solid Waste System: PGIRS 
In 2009, the D.A.P.M´s report (Department of 
Municipal Planning) on municipal facts outlined 
a production of 1800Ton/day of waste in Cali, 
which are conducted mainly to the Landfill 
Colomba - El Guabal. This figure represents 
0,75Kg/inh/day of waste production per capita, 
situating the city at the second place of waste 
production in Colombia. The material sent 
nowadays to the landfill is just buried, therefore 
from the final amount of solid waste produced; 
297Tons lose the potential of use since are not 
recovered. Along the city, 70Ton/day of waste 
are picked up from urban roads and streets. 
In Colombia the national government has 
developed since 1998 the National Policy for 
Solid Waste (PNRS 2 ), which contemplates a 
specific Integrated Plan on Solid Waste 
Management (PGIRS 3 ) for each municipality.  
The National Environmental Policy includes the 
implementation of these plans, for both 
hazardous and non-hazardous wastes, consisting 
on a variety of elements, actions and 
administrative practices which complement each 
other and allow safely and efficiently 
management of solid waste flows.   
The Integrated Management System, 
highlighting the main goal, must reduce the 
negative impact over the environment and 
human health, as well as promote the 
valorization and use of waste. 
 
According to this Policy (Alcaldia/PGIRS 2004), 
the environmental concern of the Municipal 
Solid Waste Management (MSWM) is structured 
to address the following fundamental issues: 
 
 Consumption patterns that determinate 
unsustainable waste generation 
 Lack of awareness and civic culture on solid 
waste handling,  
 Loss of potential waste benefit due to waste 
mixed stream 
                                                          
2
 Plan Nacional de Residuos Sólidos 
3
 Plan de Gestión Integral de Residuos Sólidos 
 Lack of support and strengthening of sub-
products, which is limited to some sectors 
 Past and current waste management 
systems mainly focus on open dumps or 
landfills for the final disposal, avoiding 
other alternatives. Extrapolated also to 
other phases: transport, treatment, use and 
storage of wastes. 
 The region ignores the magnitude of the 
hazardous waste burden. In many cases, 
waste generators and responsible handlers 
have no training and knowledge on the risky 
activity they are exposed to. 
 
 
Two big goals are derived from these fundamental 
aspects 
 
 
 
 
 
 
 
The Municipality of Cali with the intention to 
accomplish general goals, facing the previous 
negative aspects, proposed five strategic lines of 
work: 
 Strategic Line 1. Civic culture 
 Strategic Line 2. Cleaner production 
 Strategic Line 3. Valorization of inorganic and 
organic solid waste 
 Strategic Line 4.  Quality of service 
 Strategic Line 5. Adequate final waste disposal 
 
These strategic lines were designed with the 
participation of different governmental 
institutions, ministries and departments that 
also suggested management principles for 
achieving the main goals: 
Reducing volumes 
of waste 
generation 
Increasing use of 
exploitable waste 
Ilustración 4. Big goals of PGIRS. Source PGIRS 
Ilustración 5. Strategic Lines of work in PGIRS. 
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1. Integrality of the plan 
2. social equity 
3. Civic participation and consultation 
4. Sustainable development 
5. Effectiveness 
6. Articulation between public- private sector 
7. Permanent improvement and monitoring 
For each principle and strategic line, specific 
objectives and indicators have been also set up 
even though it has been defined briefly and 
without consideration of an appropriate timeline 
where actors are implicated.   
The long-term goal should be the development 
of an integrated waste management system and 
build the technical, financial, and administrative 
capacity to manage and sustain it.  This 
statement involves selection and application of 
appropriate technologies and management 
strategies that take into consideration the 
technical, legislative, economic, socio-cultural, 
institutional and environmental aspects of waste 
management. Coordination among all 
stakeholders, municipal departments, the 
private enterprises, the recycling trade and 
industry, waste collectors, NGOs and residents 
associations involved in the collection, transport 
and/or disposal of urban solid waste (Kurian, 
2007).  
Until 2007, the public company “Emsirva” was in 
charge of the municipal waste management in 
Cali. This organization was running under local 
political interests that conducted to 
inappropriate practices of budget deviation 
(corruption), appalling working conditions for 
the employees, operational inefficiency, 
obsolete fleet and lack of connection as well as 
unified policies between national and local 
authorities where society had no participation 
and involvement in decision-making. 
In addition, contrasting the strategic plan with 
the real situation of the city, enormous 
weaknesses and lack of compliance on the 
proposed objectives have been encountered 
(Oviedo R, 2007). The basic service of waste 
collection failed grossly to the point where 
littering along the city especially in road dividers 
reached alarming proportions of environmental 
and health risks, that the only feasible option in 
2007 was closing the company providers of the 
service, EMSIRVA. 
 
Outlining the problem of Solid Waste 
Management in Cali 
The main problems faced in the city with regard 
the solid waste management system can be 
aggregated in four categories: 
I. Institutional considerations 
After local government has self-evaluated on its 
performance about accomplishment and follow-
up of the PGIRS 2010, the same problems in the 
plan have been encountered after 6 years of 
implementation.  
I. the institutional 
elements: in the sense 
of the human 
components and 
administration, weak 
policies and lack of 
integrality of regulatory 
authorities 
II. the factor of 
“knowledge”: 
ignorance on  how the 
system functions as an 
interconnected 
structure of factors and 
people related to a 
specific context 
III. the technical factor: 
obsolete practices, poor 
working conditions and 
badly chosen 
technology 
IV. the socio-economic 
factor; lack of community 
awareness , unequal 
working opportunities, 
forced labour, risky 
human health conditions  
and cut of potential 
material recovery 
Ilustración 6. Problems of SWM in Cali. Source: PGIRS 
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One of the most critical conflicts associated to 
Cali is the lack of political commitment 
(Municipality) that should strive to define and 
give continuity to The Local Plans (PGIRS) as a 
management tool of great importance for 
improving environmental conditions and quality 
of life for the community. Another related 
institutional weakness is the lack of 
management caused for changes on the political 
structure that enforces discontinuity of the 
different plans at several levels. 
Even law and policies exist; the city does not 
have an adequate system of control and 
monitoring on solid waste management.  
Informality and illegality when providing the 
service are major threats that result in the 
failure to accomplish other laws: independent 
accounts unlinked to the municipal accounts as 
well as correct application of tariff methodology. 
The municipal environmental authorities do not 
put into effect the functions they have to 
execute on solid waste management themes.  
There are no mechanisms of coordination 
between the different sub delegations and 
companies, affecting not only technical 
intervention but to strengthen the culture of 
environmental awareness.  
When considering threats, faithless competition 
between the companies providing the services is 
encountered. Instability on prices, poor service 
provision, wages lower than agreed, more 
working hours than arranged are some of the 
causes linked to this concern. 
II. The factor of “Knowledge” 
In the sense of regulations and control, the 
community in general ignores the environmental 
policies that have been established.   If there is 
no knowledge on rules and laws to pursue, it is 
impossible to follow-up and progress the 
performance of the different actors involved in 
the management of wastes. 
Lack of properly trained personnel necessary for 
planning and implementation of waste 
management systems is also a risk for the city.  It 
is necessary to rely on the services of contracted 
foreign advisors from a developed country who 
may transmit technology and practices from an 
industrialized nation that usually are not 
compatible with the conditions (social, cultural, 
political, and economical) of the city. 
III. The technical factor 
The low technical-operative capacity is reflected 
on deficient planning, low capacity and 
maintenance of equipments utilized for 
collection, transport, sweeping and final 
disposition, as well as lack of training for 
employees and inadequate operation of the final 
disposition systems. 
With regard the method and procedure of 
collection, negative impacts on the environment 
are generated due to untimely collection of 
waste in certain economical activities as it is the 
case in market places and local shops where 
waste remains during days while discomposing 
and producing effects. 
An unconsolidated recycling chain represents 
also a huge problem for the city, there is a weak 
presence of the entities to ensure environmental 
and public health on a permanent and organized 
manner.  
The municipality develops processes for use 
generated waste without considering an 
exhaustive analysis on the potential 
commercialization of sub-products, quality 
requirements, production costs, financial 
capacity and processes of awareness for source 
separation.  
 
IV. The socio-economic factor 
Most of the people involved in the activities of 
collection, transportation and landfilling of 
waste in Cali, work under precarious conditions 
as they do not count with the proper equipment, 
tools and training for conducting the operations 
in a manner such that the public health but also 
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their own health and the environment are 
protected. These poor and inefficient practices 
and behavior leads to high social costs for the 
community and elevated costs for the services. 
Studies developed locally and internationally 
(Oviedo et al., 2007) (Díaz, 1999) show the lack 
of participation of the local community-users In 
terms of correct use and disposition of waste.  
One of the most important components of the 
value chain is the recycling activity developed by 
the recyclers if well managed, but for many 
years it has been despised by society and 
government as a problem to avoid. When the 
old landfill was closed in 2007, a group of more 
than 2500 recyclers working as part of the value 
chain were unable to continue their activity 
under the scheme proposed by the new landfill 
system. The potentials of recover material, 
commercialize products, provide jobs, sustain 
families, avoid more waste thrown to the landfill 
have been mislead for years. If organized 
properly, their activities can be effectively 
incorporated into the waste recycling system. 
Such an inclusive social approach is required for 
sustainable development of a solid waste 
management program in Cali. 
 
 
Composition of Municipal Solid Waste 
In 2009 the distribution according to the type of waste generator, shows that 65,56% of the total waste 
generated and collected corresponds to households, followed by 27% of Demolition and Construction 
waste, putting up these residues as the ones causing the highest impact; actions should be intended to 
recovery of materials and reduction of this rates.  The fraction corresponding to waste generation on 
households shows an increasing tendency remarked by a 12% between 2005 and 2009, in addition to a 
27% of growth on waste generated at hospitals.  Roughly all the generators sustained a growing trend 
from 2006 until 2009.  Numbers for the year 2006 show a decrease on waste collected from almost all of 
the categories, not including households which still went up, due to a problem with the company 
EMSIRVA providing the service during that year (Cali cómo vamos 2009).  
The table waste collection 2003-2009 summarizes the waste collected by type of generator, as well as 
waste disposed of in the previous dumpsite and the transition in 2008 to the sanitary landfill. 
2003 2004 2005 2006 2007 2008 2009
Households 339.124 347.799 338.618 339.124 368.038 351.624 382.357
Commerce and Industry 48.016 48.062 49.704 48.016 35.967 34.363 37.384
Hospitals 1.080 1.121 1.491 1.080 1.943 1.856 2.019
Markets 1.374 14.384 16.701 1.374 19.142 18.288 19.896
Roads 66.653 62.650 59.121 66.653 58.659 56.043 60.970
D&C 150.923 36.839 172.296 150.923 64.247 61.382 66.778
Otros 2.394 1.996 1.951 2.394 11.437 10.927 11.887
rural 2.374 2.395 2.471 2.374 1.789 1.710 1.860
Total Collection 611.938 515.246 642.353 611.938 561.222 536.193 583.151
Collection (Ton/day) 1.961 1.641 2.046 2.194 1.466 1.834
Street sweeping 2.194 758 1.422 3.091
Disposed of in Navarro 624.310 478.407 574.735 613.360 554.101 263.102
Disposed of in Yotoco 266287 575931
Source: CHAMBER OF COMMERCE - EMSIRVA 
Waste Collection 2003-2009
Table 1. Waste collection 2003-2009 in Cali. Source: Chamber of Commerce - EMSIRVA 
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The study on Characterization of Municipal Solid Waste (DAPM 2006)carried out by the Department of 
Urban Development (DAPM) in 2006 points out that food residues are the major component across all of 
the income-levels in Cali while a 20% of the total waste is subjected to inorganic recycling. 
 
Regulations and policy-making 
According to the National Constitution, the Government is the entity in charge of providing the solid 
waste management service along the country.  Even if the private sector serves the different activities 
involved in waste management, the government is responsible  
Global
1 2 3 4 5 6
Food 61,3 61,9 61,03 54,36 54,48 48,37 59
Garden 4,31 2,26 3,09 8,64 16,14 24,06 6,54
Paper 2,75 3,13 3,85 5,31 4,34 6,26 3,84
Cardboard 1,87 2,25 2,47 2,81 3,14 2,75 2,39
Bags and packaging 6,72 7,08 7,68 7,21 6,71 4,8 6,93
Rigid plastic 2,86 3,14 3,43 3,98 3,3 2,66 3,21
Rubber and leather 1,56 1,38 0,87 0,26 0,17 0,23 0,98
Textiles 2,82 2,28 1,88 1,07 2,04 0,5 1,98
Wood 0,68 0,93 0,47 0,75 0,14 0,23 0,62
Metals 0,94 1 1,12 1,47 0,95 0,93 1,06
Glass 2,19 2,02 2,63 3,35 3,62 3,15 2,56
Ceramics 0,99 2,18 1,12 1,58 0,78 0,43 1,34
Bones 0,32 0,31 0,33 0,33 0,21 0,21 0,3
Hygienics 8,3 8,91 8,19 7,8 3,24 4,79 7,73
Others 2,38 1,24 1,83 1,09 0,73 0,62 1,52
Source: PGIRS Cali - Characterization of solid waste from households 2006
Physical composition of solid waste produced in households
socio-economic levels
Table 7. Phys cal composition f t e olid waste generated at households. Source:PGIRS 
Graphic 8. Distribution of physical composition of waste produced at households 
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SWMS in 
Cali 
waste 
generators 
health-
sanitation 
departments 
government 
non-
governmental 
organisations 
private 
sector 
external 
support 
agencies 
The national constitution of Colombia sets different laws for solid waste management: Law No.9 (1979), 
Law No. 99 (1993) and Law No.142 (1994) as well as some policies with this regard: Policy No.0605 (1996), 
Policy No. 1713 (2002), Policy No.1505 (2003), Policy No.1140 (2003), Policy 0475 (2004), Policy 0161 
(2005), Policy 0059 (2009).   
The National government through the Ministry of environment created in 1997 the policy for Integrated 
Waste Management (PNG) which outlines the framework to enforce the creation of plans for waste 
management in municipalities.   
A set of technical guidelines for waste management have been also created by ICONTEC (Colombian 
Institute of Technical Standards) and other international entities which provide several chapters to be 
taken into account by governments and diverse stakeholders. 
 
Stakeholders 
The participants who play a role within the waste 
management system are encountered at different 
stages of the value chain and are significant 
elements liable to change. 
Waste Generators 
Local residents, business sector, markets and 
commercial all produce waste of different types and 
their willingness to sort materials, pay for the 
service and capacity to move to specific points of 
collection varies drastically while have an impact on 
the system.  Incentives might affect their 
preferences and behavior, as many of them do not 
implicate themselves as part of the system but just 
see waste as a problem that the government has to 
solve (UN-HABITAT/2918 2010) (Alcaldia de 
Santiago de Cali 2010). 
 
Health and Sanitation Departments 
The municipal solid waste is under jurisdiction of the municipal public health department and the 
municipal division of environmental management (DAGMA) in Cali, who control and inspect the system´s 
performance in association with the regional department of environmental management (CVC).   
 
Government 
As it has been mentioned in previous chapter the national, regional and municipal governments are 
involved in waste management operations making policies, controlling these ones or implementing the 
day-a-day plan for the system to work according to their level.  
 
At governmental level, there are some Institutions which are not part of policy-making nor framework-
setting, but still run under its jurisdiction.  Some of the national ministries play a key role at the solid 
waste management system: Ministry of Environment, Housing and Urban Planning, Ministry of Social 
Elements of the MSWM System in Cali 
Ilustración 9. Elements of the MSW System in Cali. 
Author´s illustration. 
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Protection and Ministry of Culture.  Other two special departments under governmental command are 
Colciencias (Department of Science, Technology and Innovation) and SENA (National Service of 
Apprenticeship). 
 
Non-Government Organizations 
In the waste management field this organizations are set as another important participant.  In Cali two 
special NGOs are interrelated to this urban system: ProCali and ProValle.  Nonetheless is important to 
remark that no special actions have been discovered through literature and contacted people from 
different organizations (SSPD)(Interaseo)(General Comptroller Office).  
 
 Informal Sector workers and enterprises 
Explained in next chapter, this sector collects, cleans and/or upgrades waste through different processes.  
 
Private Sector Companies 
Private companies had been involved in waste collection since 2009 in addition to transportation and 
waste disposal: Promoambiental, EMAS, Ciudad Limpia and Interaseo.  Four private organizations are 
behind these main processes as contractors from the responsible government authority.  
 
External Support Agencies 
International organizations as the World Bank, Inter-American Development Bank, United Nations, and 
Transparency International are some of the most important key players on the Colombian´s system for 
municipal solid waste management. 
 
 
Social and Environmental Health Issues of SWM 
The responsible body for implementing the PGIRS in Cali, The Municipality, leads the articulation 
between public and private sector as well as civil society when it comes to fulfillment of the objective of 
“waste minimization at source, use maximization, reduce and proper handling of non-recyclable solid 
waste”.  This aim is part of the principle on Integrated Solid Waste Management, with a special focus on 
sustainable development and application of clean technologies that enhance the socio-economic 
situation while improve environmental conditions.  
The situation with regard occupational and environmental health risks varies in a developing city as Cali, 
due to nature of the system.  Different practices and tools carried out by workers and society in addition 
to a lack of financial resources lead the system to be more exposed to these risks.   
Municipal waste is handled through very labor-intensive systems; sometimes using hand or animal drawn 
carts without any protection as it is the case of recyclers, hand manipulation of waste by private 
collectors who carry and lift waste with little protection, while uncollected waste remains in streets and 
is scrambled by informals to recycled the potential material and burnt or dumped of what is useless.  
Health related risks that are to be addressed include: 
 Workers have less protection 
 Most waste is not safely contained in readily liftable load sizes 
 Recycling is conducted from mixed waste, rather than from sorted materials at source 
 Many recyclers are women (47% in Cali) and children (35%) (Carabalí, et al. 2006)  
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 Practices of open dumping and open burning 
 Collection and disposal equipment operators do not use appropriate protection 
From the information available, most occupational health and injury problems could be minimized by 
simple safety procedures that cost little; and most environmental impacts could be minimized by closing 
open dumps and implementing sanitary landfills. 
 
Occupational health and injury risks associated with solid waste collection, processing, recycling and final 
disposal can be aggregated as follows: 
Source: The World Bank Group. Occupational and Environmental issues of solid waste management. 2006 (Cointreau 2006) 
 
Motivations and Barriers for change 
The local government in Cali has taken a very important step towards the improvement of the MSWM 
System.  The new Sanitary landfill covers the need of managing waste from Cali and surrounding small 
cities at a very basic level but still has a way to comply with more controlling actions:  construction of a 
leachate plant, treatment of gases from final disposal, selective collection and alternatives for recovering 
materials from the waste streams. 
From the 1800Tonnes of waste produced per day in Cali, only about 4% of the potential material is 
recovered and reincorporated to the manufacturing industry.   Previously to the open of the new sanitary 
landfill, this rate could reach a percentage of 16 for recovered material.  The recycling chain and 
specifically this recovering labour has been developed in Cali for more than 30 years by the action of 
recyclers who used to scavenge all the way through the old dumpsite and by direct agreements between 
commerce and industries.  Since the opening of the new sanitary landfill, this recovery activity has not 
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been replaced by other means, so the potential of recycling is still under consideration while several 
opportunities for creating wealth among society and industry through conserving resources, are buried 
into “Colomba – El Guabal”. 
The following table summarizes the motivations and barriers found on the diverse literature in Cali with 
regard the Solid Waste Management System, which is also a representative situation of a developing 
country (IDB/PAHO 1997).  
 
 
The situation in developing countries compared to industrialized ones, appears to be significantly 
different in conditions to solve the problems around solid waste management: 
 Low labor costs and extreme shortages of capital, which together call for implementation of 
inappropriate technological solutions or lack of investment on such solutions 
 Waste stream dominated by organic matter (65,57%), which means that if waste is mixed at source, 
there is no many options to recycle materials due to contamination and more risk on methane 
emissions at landfill is compost is not produced or biogas recovered 
 A complex informal sector which is not organized, but is the only group of actors separating and 
recycling waste. Challenge to shift the problem into part of solution within the system 
Adopting an Integrated Recycling Scheme: Motivations and Barriers 
MOTIVATIONS 
-Availability of potential recovering  of paper, plastic, 
glass, metals and organic matters to include in 
manufacturing processes, agriculture and 
energy/biogas production.  
-Demand for recovered materials. Currently 1000 
types of commercialized products are made of 
recycled materials 
-Prices of energy in Colombia are high. Still some 
grants for carbon sector 
-Increasing and variable prices of virgin raw materials 
in plastics, paper, metal and glass sectors 
-Improve distribution of potential resources to 
provide at least legal income for recyclers 
-Creation of new job opportunities 
-Improve illiteracy and education opportunities 
among informal but also formal workers of the SWS 
-Current advances on local technology development 
for recovery and transformation of recycled material 
-Tax incentives  in exchange of investment on 
environmental issues 
-Special interest among industrial sectors to develop 
and reach environmental improvements 
-A very active industrial sector in constant modeling 
of pilot projects 
 
BARRIERS 
-Even implementing a recycling programe, there is no 
important impact on creating awareness on 
community 
-Lack of long-term planning and follow-up of actions 
under the PGIRS 
- Weak monitoring actions of policy accomplishment 
and obligations 
- Lack of compromise and inter-institutional work 
among governmental, non-governmental entities 
and community in general 
-Lack of appropiate structure of human resources for 
accomplishing PGIRS goals 
-Lack of good management of programes due to 
electoral changes on public officials 
-Lack of awareness at all levels: institutional, 
commercial, industrial and civic in general 
-Mixed waste, separation at source is not an action 
performed by the community and other sectos 
-Urban and rural Insecurity, making more difficult the 
access to certain zones and the services provision. 
-Unfair competition among companies providing 
these services of solid waste handling. 
-Lack of political and social willingness 
Ilustración 10. Motivations and barriers for adopting an Integrated approach. Adaptation of PGIRS 
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 Lack of people who are adequately trained in solid waste management activities, current and 
generalized methods of qualitative assessment of environmental impacts and actions to mitigate 
them. 
 
 
3.1. Processes and Waste Streams Analysis 
 
Depending on the method, solid waste disposal can produce air pollution from combustion (incineration) 
or decomposition (landfill methane). Additionally, the disposal of landfilled waste requires land. While the 
total area under landfills is very small, landfills must reconcile the necessity of being accessible to 
municipal areas, while also overcoming objections from those living close to the landfill. Landfills are 
implicated in water pollution and emissions of methane, a potent greenhouse gas. As an alternative to 
final disposal, waste can be recycled, reducing requirements for primary materials, while relieving 
pressure on land resources and avoiding air pollution. Also, combusted wastes, while they may contribute 
unwanted atmospheric emissions, can be used to generate energy in the form of electricity and heat. 
 
 Waste generation, Collection, Transportation, Treatment and final disposal 
To achieve the main goals of municipal solid waste management; protect environment health, promote 
quality of the urban environment, support efficiency and productivity of the economy and generate 
employment and income, various processes which vary from location to location are followed within the 
system (Schübeler 1996).  
Waste generators across the city diverge in characterization, amount of waste produce and composition 
of waste.  Households and markets produce a higher fraction of organic waste as well as what is collected 
from public areas and account for approximately 65% of the total waste generated in Cali, important 
targets for implementation of improving strategies towards a more integrated and sustainable system of 
waste management.  With regard households, no special awareness on the responsibility these 
Ilustración 11. Solid Waste Flowchart – Cali.  Author´s illustration 
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generators have upon the waste management system can be highlighted (DAPM 2006).  People think of 
waste as a problem the municipality has to solve and hardly are they likely to pay for the service.  
Recycling practices take places among these generators at a very rough level, especially at high-income 
households, which tend to get rid of waste by calling on recyclers who go door-by-door.  A very small 
fraction of low-income households tend to use organic waste for personal purposes as farming or 
exchange among themselves some of these materials as they are part of the informal sector. 
Waste Collection takes place in Cali through two specific paths: formal collection and informal collection.  
The first option represents a great improvement for the system nowadays.  Due to incapacity of 
governmental institutions to handle this process (Cali cómo vamos 2009), the service is now provided by 
private companies that improved collection coverage and handling.  The companies in charge of collection 
share the service along the city by specific assigned zones: 1). South and North zone covered by the 
company “Promoambiental S.A E.S.P”, 2). East zone attended by “EMAS S.A E.S.P” and 3). Western zone 
operated by “Ciudad Limpia S.A E.S.P”.   These companies are responsible since 2009 of providing the 
collection service for the municipality who manages the municipal solid waste system.  Even though the 
service coverage has improved to a 96% of efficiency, the remaining fraction of uncollected waste is 
handled by the informal sector that trying to make a living, collect leftover waste in streets as well as 
households, markets and industries.  It is worth noting that materials collected by this informal sector are 
the unique fraction of the total waste which is recycled and recovered for further inclusion in economic 
activities.   At the same time this informal sector collect other kind of goods as electronic equipment, 
furniture, books and a wide range of materials that are difficult to quantify but are part of sustainable 
practices as re-use.  This sector is not well organized and sometimes is stigmatized by the community as 
dangerous or undesired people due to the activity they perform and their appearance (Proactiva/BuAseo 
2009) (UN-HABITAT/2918 2010). In other cities like Bogotá, this sector has reached a different level of 
organization throughout associations of recyclers who perform a valuable activity for the recycling chain 
while they are a successfully case in Latin-America shifting a problem into part of solutions for the system 
(Terraza and Sturzenegger, Dinámicas de Organización de los Recicladores: Tres casos de Estudio en 
América Latina 2010).  Government charges the formal collection to citizen with fees ranging from 
$21.328 $28.508 COP/cap/year (approximately 12-16US$/cap/year) (SSPD 2009). 
Since in 2009 the new sanitary landfill “Colomba – El Guabal” was opened 42km away from Cali, a transfer 
station was built to aggregate waste and to improve transportation of waste by making it more efficient 
and economically more feasible by using Lorries instead of sending all the collection fleet to the landfill. 
The costs of managing waste in the city have increased due to this new process, which supposes a facility 
to be managed in a daily basis as well as longer transportation costs regarding fuels and the Lorries. Costs 
of transportation and transfer station are $21.326 COP (approximately 12USD) per managed tone. The 
company operating this process is INTERASEO S.A E.S.P.  
Waste treatment in Cali takes place at the informal recycling chain which is also composed by warehouses 
and transformation companies that arrange and convert materials into “new raw materials” for further 
production at big companies.  Other treatment options are not formalized and encountered across 
literature and data sources. 
Final disposal of municipal waste is executed at the mentioned landfill Colomba – El Guabal.  Same private 
company operating the transfer station is in charge of managing this site; INTERASEO S.A E.S.P which 
attends waste produced in Cali and other eight small towns around the city. This sanitary landfill follows 
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the technical specifications set by national organizations and operates under an environmental license 
provided by the CVC (Regional Department of Environmental Management). 
The formal and informal sectors 
The Solid waste management system in Cali characterizes by two specific sectors carrying out the five 
processes mentioned in previous chapter: a formal sector which is structured by a municipality´s 
department in charge of the MSW, private companies that main sectors are conformed by formal and 
informal activities and actors. 
 
 Among diverse developing countries in the world, significant increases in Gini coefficients have occurred 
in Colombia according to (UN-HABITAT 2010). Measures among the main cities in Colombia during the 
years 1991 and 1998, showed that income inequality climbed by 24 per cent in Bogotá between 1991 and 
2005, 10 per cent in Cali and 4 per cent in Medellin. Three very well distinguished factors explain the 
unbalanced increases in income distribution: first, the informal sector has led in new job creation, 
demonstrating that the formal economy is not in a position to accommodate Colombia’s growing 
workforce.  
 
According to estimates by the International Labour Organization, eight out of every 10 jobs created in the 
1990s were low-quality jobs in the informal economy (ILO 2009). Second, wage discrepancies in Colombia 
are becoming much more significant between skilled and less-skilled workers, with better-skilled workers 
earning increasingly more. Similarly, wages of college graduates relative to high school graduates in 
Colombia increased by 21 per cent between 1991 and 1995, and similar gaps have been recorded 
between workers who had graduated from secondary school and those who had not (ILO 2004).  
 
In Colombia’s manufacturing sector, the wages of non-production or white-collar workers increased in 
relation to production or blue-collar workers; overall, differences in occupation accounted on average for 
15 per cent of labour income inequality in the 1990s.28 Third, increases in private investment, exports, 
capital inflows and currency overvaluation have resulted in greater inequality in Colombia. However, in 
recent years, the economy has grown by more than 6 per cent annually and increased government social 
spending (in the form of subsidies to the poor) has helped to offset increases in income inequalities that 
might result from economic prosperity (UN-HABITAT 2010). 
 
The Recycling Value Chain and Potential Material Recovery 
According to information provided by The National Association of Recyclers ((ARN) 2004), the informal 
recycling activity has been carried out in Colombia for more than 60 years, existing more than 20.000 
families who make a living from recovering and commercializing recycled material.  From these families, 
30% are associated to the ARN and the rest work as independent recyclers.  
In general terms, the informal recycling chain is characterized by recyclers with low capacity of recovery 
and acquisition of technology and tools (equipment and infrastructure) for recovering materials that allow 
them to generate added value and higher income.   Their poor conditions with regard economic, financial 
and administrative issues do not allow them to improve the situation; as results in most of the cases they 
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live under deplorable circumstances which include inexistence of health and safety services, social 
security and socio-economic benefits.  
More than 2.574 recyclers work in Cali within this informal recycling chain. From this group, 686 persons 
used to scavenge at the previous open dumpsite while recovering more than 120 tonnes of materials a 
day that nowadays are buried at the landfill.  
In 2007 the public company providing the service in that year, developed a socio-economic study in order 
to define the physical composition of municipal waste to project the potential of material recovery.  
Following table outlines the propensity of waste streams to be reintroduced into valuable process within 
the economy.  The fraction below describes inorganic materials.  A total amount of 367ton of waste are 
subjected to recycling and recovery inside an organized recycling chain. 
Physical composition of potential recovering materials from households 
Category 
% total of 
residues 
% Category 
 
Ton/day 
      Paper 3,84% 
 
20% 
 
70,50 
Cardboard 2,39% 
 
12% 
 
43,88 
Bags and packaging 6,93% 
 
35% 
 
127,23 
Rigid plastic 3,21% 
 
16% 
 
58,94 
Glass 2,56% 
 
11,50% 
 
47,00 
Metals  1,06% 
 
5,60% 
 
19,46 
Others 19,99   100%   367,02 
Table 12. Physical composition of potential recovery materials. Source: PGIRS 
The Department of Municipal Planning (DAPM) (DAPM 2006) shows that in Cali exists more 359 
companies commercializing recycled material classified under three levels: retailers, intermediate and 
wholesalers.  These companies form a long structural path of commercialization for supplying large 
manufacturing companies that demand growing amounts of materials. 
The following chart presents three types of companies belonging to the recycling chain in Cali, compared 
to the other three major cities in Colombia.  The limited participation of Cali´s companies suggests an 
important potential for creating new business around the recycling activity. 
 
 
Graphic 13. Types of companies addressed to the recycling chain 
 
0% 20% 40% 60% 80% 100%
Recycling Companies
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The map contextualizes the activities taken place in Cali and its surroundings with regard waste 
management.   The formal landfill is located 42km away from the city center. 
INDUSTRIAL–TRADING ZONE 
Palmaseca / arroyohondo 
INDUSTRIAL ZONE 
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3.3 Redesigning the MSW System: towards an Integrated Municipal Solid Waste Management 
 
3.3.1 The driving forces 
The picture of the city is clear: the current System is still under revision and has to be redesigned in order 
to create significance, not basically economical, but environmental and especially social for equilibrating 
that great existing gap in the community and associated to one metabolisms aspect of the city.  
The Municipality of Cali has made a bid step towards organizing the pervious chaotic municipal waste 
system which used to represent stresses on natural resources (land use, discharges to the river, and 
emissions to air), human health (recyclers, pedestrians, local community) as well as municipal-society 
finances (corruption, inappropriate costs). 
The different components are not well connected and the drivers disclaim their participation and 
compromise when taking action to accomplish common goals.  Even in view of the needs important 
adjustments that    In Cali, approximately 1.570 homes and 6.635 persons depend on recycling activities.  
More than 7000 jobs, in both informal and formal sectors, contribute to the local economy. However the 
system is not organized to supply this recycling chain with the necessary inputs and connections to work 
as a whole. 
 
  
A keystone and challenging aim towards sustainable development within developing economies, is the 
establishment of affordable, effective and truly sustainable waste management practices suiting local 
requirements and capacity.  It has to be further emphasized that multiple health, safety and 
environmental co-benefits mount up from effective waste management practices which concurrently 
reduce environmental emissions and improve quality of life, promote public health, prevent water and 
soil contamination, conserve natural resources and provide renewable energy benefits (Bogner 2007).   
PRINCIPLES 
SWMS 
CALI 
EQUITY 
INTEGRITY 
PREVENTION 
INSTITUTIONAL 
ENGAGEMENT 
EFFICIENCY 
SOCIAL 
COHESION+INCLUSION 
ENVIRONMENTAL 
PROTECTION 
R & D 
PUBLIC HEALTH 
LARGE-SCALE IMPACT 
SOLIDARITY AND REDISTRIBUTION 
DESCENTRALIZATION 
INTEGRATION 
ECONOMIC STABILITY 
CO-RESPONSABILITY 
TECHNOLOGICAL DEVELOPMENT 
SOCIAL ENVIRON. 
CULTURAL ECONOMIC 
Ilustración 14. Principles of Solid Waste Management in Cali.  Author´s illustration 
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 3.3.2 Design Requirements 
System definition and conceptual framework
The definition of the new picture will emphasize 
the need for strong efforts on Social and 
Environmental Management as these two 
dimensions seem to be the most conflictive ones 
when going from the theory to the practice of 
the Sustainability paradigm.  The Economical 
factor remains embedded to all human activities 
since it still continues to be the main driver of 
Society, hence constitutes a basic component 
but is to be mentioned in a very brief sense. 
 
Management in terms of social and 
environmental considerations will be based on 
making changes all along the chain of 
conservation and formation of resources.   In this 
view, not only material resources will be 
measured and targeted as outputs from 
upstream and inputs to downstream processes, 
but also human resources as indicators of 
improvements with regard its quantitative and 
qualitative participation.   
 
The intention when redesigning the MSWM 
structure relies on the need of supplying an 
appropriate subsystem of the urban metabolism 
in Cali. Even this System encompasses several 
linkages with other important anthropogenic 
activities which have as final output discarding of 
transformed materials; the attention will be 
focus on the system itself composed by: waste 
collection, transportation, MSWM treatment 
(composting, sorting, combustion, and materials 
recovery) and final disposal (landfilling).   
 
Upstream processes in this framework as 
consumption and waste generation are to be 
considered within same current patterns or to 
follow special assumptions based on local 
projections made by different stakeholders or 
self knowledge of the city’s case. 
 
The New system is to be considered as an 
alternative scenario where same factors will 
draw the new scheme, but different settings will 
bring a different picture. 
 
The system is to be defined in terms of five 
different approaches that aggregated in 
quantitative and qualitative terms will show 
measures of the three dimensions of 
sustainability.  They are mentioned as follows: 
 
- Practices; which includes Government, 
Industries, Recycling chain and society 
- Standards; regulations, policies and 
norms. 
- Knowledge; Expertise, transfer of 
information as well as Research and 
Development 
- Technology; with local improvements or 
imports of equipments and tools 
- Infrastructure; including the requirement 
of new facilities, improvement of current 
ones and building new complementary 
structures.     
 
These approaches endeavor as well, two special 
perspectives according to the strength of the 
stressors of each one: technological innovation 
(also refer as to “changing hardware”) and social 
innovation (refer as “changing software).  This 
special consideration does not pretend to move 
the system only from one perspective to another 
as they can be complementary, but remarks the 
direction of the stressors in terms of material or 
“practical” value. 
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Outlining the key components 
After description of the SWM System in Cali, special components are brought together for evaluating 
the new design solutions.  These elements will be translated into indicators of performance at each 
scenario that will be presented in next chapter.  Some of these elements have been well recognized in 
theoretical terms within the plan proposed by the municipality for moving out towards a more 
integrated waste management system: setting of policies, development regulations (Cali, Alcaldia de 
Santiago de Cali 2011), use of waste characterization (DAPM 2006), improvements on collection services 
(Cali, Linea Estratégica de Calidad en la Prestación del servicio de aseo 2011),  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Transitional Scenarios accomplishing specific targets 
For elaborating the scenarios, a desirable perspective has been adopted, as specific objectives are to be 
adopted for each one.  These objectives are used as point of departure from which to specify the 
particular conditions that must be fulfilled or measures to be taken at different stages and by different 
stakeholders along the path in order to implement that vision.  
One distinction for these scenarios is the mix of quantitative and qualitative data.  A brief narrative story 
which highlights the dynamic and how the scene unfolds is considered. Numerical illustrations will also 
accompany the setting up of each alternative as well as the final result after evaluating scenarios with 
regard the social and environmental indicators. 
As it has been mentioned before, the set up of these scenarios will  serve as the starting point for later on, 
applying the specific methodology which will show  how through drivers and indicators changes, different 
High costs x SWM 
Use of resources Emissions to air 
Emissions to water Waste management 
Emissions to soil 
Political framework 
 Awareness  
Use of resources  
Health conditions 
Consumption of resources 
 Materials material+energy  
Prices fluctuation – Raw m. 
 Production goods 
Labor – human resources Sources for use 
 Waste generation 
SWM 
in Cali 
environmental 
economic social 
Ilustración 15. Key components of the SWM in Cali. Author´s illustration 
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impacts are produced or avoided.  In the case of social assessment, the picture of the scenario may lead 
to high positive values on impact categories, while the opposite case can be encountered with 
environmental assessments where high values are considered as bad impact to the different categories of 
damage. 
The four chosen scenarios are as follows: 1.Baseline Scenario as Waste Disposal; 2.Inclusive Recycling 
System as Waste Recycling; 3. Industrial Innovation as Waste Processing, and 4. Social Innovation as 
Waste Minimization.  These alternatives consider a time horizon from 2010 to 2030.  The last scenario can 
lead also to a consideration of 
transitional option of scenario 2 
and/or scenario 3.  
These scenarios are set up 
considering whether the tendency is 
to follow a technological solution or 
a social alternative for improving the 
system.  The desired future highlights 
the importance of following the 
Waste Hierarchy Scheme, as it looks 
out for an integrated system with 
preventive solutions that involve 
both upstream and downstream 
processes of the value chain. 
Some assumptions with regard waste 
generation and collection will be 
made, even though this topic should 
be studied in further research as it might represent the most difficult step towards improving the whole 
waste management system: sustainable consumption and production. 
 For each scenario different targets will be described, reaching diverse rates for recycled waste, disposed 
of waste, amount of transported waste as well as treatment options according to the waste stream and 
scale involved.  The table below summarizes conditions to be described and evaluated in the LCAs. 
Ilustración 16. Scenarios approach. Author´s illustration 
Ilustración 17. Issues to consider for the potential scenarios of SWM. Author´s illustration 
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3.3.3 Setting up the Baseline Scenario 0.Waste Disposal: The current Landfill Colomba – El Guabal 
In this baseline scenario (2009-2010), waste collection is performed by three private companies which 
serve the Municipality with this basic service. Coverage of this service is 96%, while the other fraction is 
dumped and burned.  Recyclers have a left over position in the system, while they just are able to recycle 
a 4% of materials from streets, door-to-door actions and other sources.  All the other fraction of waste 
which is not recycled does not have any other treatment but just landfilling. 
 
 
3.3.4 Setting up the Scenario 1. Waste Recycling: an Inclusive Recycling System 
This first new scenario is based on basic changes to the current situation.  The aim of this inclusive System 
is to visualize how applying organizational factors, is possible to improve the solid waste management 
system based on the existing technology, but presenting different ways of making things happen.   The 
formal and informal structure experiment a slightly refinement to provide a different collection activity: 
recyclers are formally included in the system and they are organized to collect material from the transfer 
station, sorting center, as well as different zones along the city.  Even their function is well recognized by 
authorities, they do not perform though special associations or unions, but their role start to be 
recognized by society and the industrial sector, as by law they are considered part of the recycling chain.   
Population continues to grow following the same rate of 0.05%, starting with the current value of 
2.133.360 people. 
In this scenario a recycling rate target of 7% has been established.  Waste collection covers 96% of the 
city, while still a fraction of 2% is dropped in illegal dumpsites and the remaining one is burned along the 
river and open lands.  The inorganic fraction reaches the 65,45% of the total waste which is collected and 
landfilled.  From the 7% recycled material, 32% is subjected to the paper stream, while 41% is plastic, 
11.5% is glass and a fraction of 5.6% is attributed to metals. A fraction of 5% is attributed to organic waste 
Ilustración 18. Scenario 0: Waste Treatment 
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that is recovered by recyclers for composting purposes.  The collection service takes place three times a 
week and the waste is transferred to the landfill with an intermediate step on the transfer station.   Some 
of the recyclers are provided with uniforms and tools that improve health conditions. They still work door-
to-door to collect the recycling materials as well as at the transfer station.   
Recyclers still commercialize recovered materials through small-scale warehouses that at the same time 
commercialize recycled materials to large-scale warehouses with direct contact with industries.  Access to 
education for 30% of the displaced population of recyclers is set (686 persons), as well as exemptions for 
education of their kids. In this case 25% of the recyclers reach the minimum salary established by law, 
which represents an improvement of 10% compare to the baseline scenario. An incipient attempt from 
industries to buy recycled materials runs out, since prices are much lower.    
The amount of material that will be landfilled reduces as well as the costs of disposing these residues in 
Colomba – El Guabal, while savings on the extraction of raw materials for each material stream are 
representative.   Landfill´s lifetime increases as less waste is buried. 
 
 
3.3.5 Setting up the Scenario 2.Waste Processing: an Optimistic Recycling System 
Current trends continue to show similar patterns regarding energy and raw materials which keep on 
growing, especially the ones from petroleum basis and exported from national zones as well as 
international regions.  In order to face these increases on expenditures, industries invest important 
efforts on making recycled resources available as well as producing energy from other origins as biogas 
collected at landfill.  Local development of technology is reinforced by the fact that more knowledge and 
economic resources are offered in different ways by the government: taxes reduction and subsidies. 
The recycling rate in this scenario accounts for a rate of 12% for the inorganic waste while a percentage 
of 15% of the organic matter is avoided from final disposal at the landfill.   Same percentages of waste 
Ilustración 19.  Scenario 1: Waste Recycling 
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composition are assumed: 32% is recycled paper, 41% recycled plastic, 11.5% recycled glass and 5.6% 
recycled metals.  The organic fraction which is not recovered and ends up in the landfill is treated by 
anaerobic digestion at the place in order to recover methane for energy production.  The efficiency in 
the process is accounted as a 50% for biogas production.  
Recyclers are organized in different unions which allow them to perform at specific zones connected to 
the private collection system. They function as recycling hubs recovering materials by selective 
collection of the diverse materials. They also arrange these materials at the assigned warehouses which 
have been organized and distribute by private companies and are located across the city.  Health 
conditions have improved as companies decide to invest on tools and basic-local technology to be 
managed by recyclers.  From the total of recyclers, 45% reach the minimum legal salary.  Government 
facilitates social security of 80% for the workers performing within the system.  The collection coverage 
thanks to recyclers, reaches a 98%, as they also are more aware about the conservation and 
improvement of the system. 
 What is not possible to recover from the different waste producers, is collected by the three private 
companies which transfer the total to the landfill.  Lifetime of Colomba – El Guabal Landfill increases as 
less waste is buried and the other fraction is burned to produce biogas. 
 
3.3.6 Setting up the scenario 3. Waste Minimization: Social Innovation 
Beyond enhanced skills, public and private sector partners must keep job creation as a central concern 
of their capital investment strategies. It is also high time to promote local economic development based 
on a participatory process that encourages partnerships between the main private and public 
stakeholders, as part of joint pro-poor and pro-employment urban development strategies; these should 
make use of local resources and competitive advantage in a global set-up, with the final objective of 
creating decent jobs and stimulating economic activity. 
Ilustración 20. Scenario 2: Waste Processing 
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A Recycling target of 18% is reached with regard the inorganic fraction, as a high demand for these 
resources has allowed organized actions and special efforts from all of the stakeholders, specially the 
government and citizen´s awareness.  With regard the organic waste, 25% is recycled for producing 
biogas at a plant localized at Palmaseca´s industrial zone, close to the transfer station.  This localization 
might allow in the future the inclusion of waste coming from other urban activities as agriculture, the 
zone is surrounded by lands and crops dedicated to grow raw materials for the food industry.  The 
output from biogas production, referred to as compost, is provided to local farmers at a very low price 
to improve their conditions as well as create trade-off in both ways.  
 
In this scenario, not only recycling takes place, but also re-use actions as recyclers are very well 
organized still in connected hubs with specific working areas that allow them to go door-to-door to help 
community to get rid of undesired elements.  This action creates other ways of resources, as recyclers 
might fix some elements and reuse them themselves or sell through the re-using/second hand markets.  
Important fonts of creativity and recursive programs permit not only recyclers but associated actors, to 
provide different opportunities.  Warehouses serve also as appropriate places to perform these 
activities.  In this case, it can be projected for the medium-term future, the inclusion of another waste 
stream, as it is the electronic waste.  
 
Economic resources are available due to governmental incentives as well as foreign investments: carbon 
credits for industrialized countries from helping developing countries, pressure to accomplish 
environmental targets related to climate change and social targets with regard Millennium Goals, 
among others. 
3.4 Life Cycle Assessment: the environmental and social approach 
 
This methodology which is to be used for evaluating the current scenario of the SWM System in Cali, 
uses for the purpose of this study, the environmental and social approaches which are developed under 
Ilustración 21. Scenario 3: Recycling minimization 
Once the different scenarios have been set, outlining processes and waste/material flows to be 
evaluated the methodological framework is to be provided for understanding main considerations with 
regard this topic of study. 
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same framework established by the International Organization for Standardization (ISO). The standards 
for the environmental approach are described in ISO 14040 (2006) and ISO 14043 (2006) were the 
framework and elements to consider on LCAs are outlined.  Although S-LCA follows the ISO-14044 
scheme, some aspects differ, are more common or are amplified at each phase of the study 
(UNEP/SETAC 2009). Some of these characteristics will be encountered through this document as are 
mainly conducted in practice and are very location-specific. 
 
 
Phases for conducting an LCA:  
 
1. Goal and scope definition  
2. Inventory analysis 
3. Impact assessment and  
4. Interpretation  
 
Figure at right side illustrates the interaction 
between the steps.  
 
 
The application of Life Cycle Assessment in Colombia is a novelty action; environmental assessment has 
been focus on evaluate the qualitative performance of systems due to a lack of information and 
establishment of emission factors and inventories linked to local conditions (Zambrano, et al. 2007).  
With regard this lack of information, some assumptions have to be made for the context of this case 
study considering the availability of factors and processes encountered at other developing countries 
and special organizations which provide useful data as EPA (Environmental Protection Agency), IPCC 
(intergovernmental Panel on Climate Change) (Sabin, et al. 2006) and ISWA (International Solid Waste 
Association) (Eisted, Larsen and Christensen 2009). 
 
3.4.1 Special considerations for S-LCA and E-LCA 
For this case study, the new approach on LCA related to social impact will be implemented as it might 
complement the environmental LCA that is to be applied also at a simplified manner also.  The intention 
of applying these tools at this point is to outline which processes and parameters contribute more to 
environmental and social impacts along the solid waste management system in Cali.   
 
When applying both techniques, special characteristics will come along the phases of study. Thereby, for 
the goal and scope definition is necessary to describe the product (waste) in terms of the functional unit 
for both cases, while for the environmental LCA quantitative data is used, for the social LCA information 
about the attributes or characteristics of the processes, in other words qualitative data is handled. 
 
Categories of impact might vary from one technique to the other, as the classification for the social LCA 
is divided by stakeholder categories and impact categories, which at the same time need special 
indicators proposed by the practioner. 
3.4.2 Impact Categories 
 
Selected indicators for Environmental Life Cycle Assessment 
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According to the International Panel on the Sustainable Resource Management (UNEP 2010), the most 
relevant pressures and impacts on the environment and society are related to climate change, habitat 
change (land + water), eutrophication, urban and regional air pollution, indoor air pollution, fossil fuels 
and unsustainable fish harvest. 
As one of the most important contributors to climate change, CH4 is the highest stressor on 
environmental impacts at landfills (Bogner 2007). According to the processes, different stressors are 
encountered, as well as the impact of using diverse technologies for treatment and transportation on 
the waste management sector. 
The selected categories, according to literature review (Bogner 2007) (Cherubini, Bargigli and Ulgliati 
2008) for this case study are shown in next table: 
IMPACT CATEGORY CHARACTERISATION FACTOR UNIT 
Climate change GWP100 kg CO2-Eq 
Fossil depletion FDP kg oil-Eq 
Freshwater ecotoxicity FETPinf kg 1,4-DCB-Eq 
Human toxicity HTPinf kg 1,4-DCB-Eq 
Terrestrial acidification TAP100 kg SO2-Eq 
Terrestrial ecotoxicity TETPinf kg 1,4-DCB-Eq 
 
 
Selected Impact Categories for Social Life Cycle Assessment 
Some special indicators are considered in this study. The social LCA guidelines (UNEP/SETAC 2009) 
propose 31 impact categories that can be taken into account for an extensive application of this study, 
but is not the scope of this project. Thus, eight impact categories are considered here as the most 
significant ones according to the analysis made through this case. 
 
 
STAKEHOLDER CLASIFICATION / IMPACT CATEGORIES TYPE  
 
  selection comments 
1 freedom of association Workers possibilities for recycling chains 
2 child labor Workers part of the informal recycling sector 
3 fair salary Workers in accordance with legal wages 
4 equal opportunities/discrimination Workers lack of opportunities - poverty 
5 health and safety Workers not enforced conditions 
6 Job generation Local Community jobs/improve working condit. 
7 public commitments to sustainability issues Workers Government policies/accomplishment 
8 corruption Workers involvement/conduct-agreements/rules 
  
 
3.4.3 Goal and Scope Definition 
The intention of this study is to perform a comprehensive environmental and social assessment of 
alternative waste management strategies for dealing with municipal solid waste generated in Cali. These 
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strategies in turn consider mixed waste and recycled material by singular streams.  The results of this 
study are intended to be used in comparative statements and to raise awareness on the social and 
environmental inferences of implementing solutions for waste treatment with special focus on recycling. 
The scope defines the and describes the function and the boundaries of the study.  A functional unit 
must be defined as it will function as the point of comparison for the different scenarios of waste 
management.  This functional unit is a quantitative measure and expresses the the function the system 
performs.  In LCA studies of waste management options, the functional unit varies on definition as it 
differs from product LCA which defines it in terms of the system´s output (Cherubini, Bargigli and Ulgliati 
2008). In an LCA for waste management the functional unit must be defined in terms of system´s input, 
the waste of a defined region in a given time.  In this case study the functional unit is referred to as the 
amount of waste produce in year 2010, by the city of Cali, which must be managed: 1836 Ton/day. 
System Boundaries 
For this case study the generation of waste is the input for the system, so this process is not evaluated 
as it might required further research and other specific considerations.  The system starts with that 
waste input, defined as the functional unit which is first collected by different forms, then is transported 
and finally managed by different options. 
The Scenario0 Waste Treatment, considers the current picture in the city which includes the processes: 
formal collection of waste supplied by three private companies along four specific zones (north, south, 
estern and western part), informal collection by recyclers moving door-by-door and through left waste, 
informal recycling, transfer station where waste is aggregated in bigger lorries, transportation from the 
transfer station to the sanitary landfill “Colomba – El Guabal” and final informal disposition (open 
burning and dumping) carried out by recyclers/society.  No formal recycling takes place in this scenario 
which reflects the current system in Cali. 
 
 
The life cycle for Scenario1 Waste Recycling, includes an improvement on control of irregular activities 
(open burning and dumping of waste) and enhancement of collection both formal and informal. 
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For Scenario2 Waste Processing, the life cycle stages of waste reflect collection on a complete formal 
activity which is followed by transportation to transfer station where waste is aggregated by mixed or 
sorted characterisation for further treatment at composting plant (organic fraction), material recovery 
facility (inorganic fraction) and landfill (mixed fraction) with biogas recovery.  Withing the system, the 
outputs of final treatment are not explored in detail as it would need special considerations and further 
analysis which are not part of the aim of this study. 
 
 
In Scenario3 Waste Minimization, the processes that are considered as part of the life cycle address a 
formal collection split into three categories depending on the waste stream and characterisation of 
collectors (private companies and associations of recyclers in network), transportation of waste at 
different stages and throughout different methods (trucks, carts, lorry) and treatment of waste (landfill, 
biogas plant and recycling hubs/centers).  Outcomes from final processes of treatment are not studied 
as in scenario2, it would require further considerations that are not part of this project´s aim.  
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3.4.4 Life Cycle Inventory  
In this phase of the life cycle assessment of the solid waste management system in Cali, data for both 
approaches, environmental and social, is collected for: 1) prioritization, 2) hotspots assessment, 3) site 
specific evaluation and 4) impact assessment (characterization) (UNEP/SETAC 2009). 
After definition of the functional unit, the SWM system is modeled and system boundaries are placed 
and described. Here the inventory for a S-LCA and E-LCA assembles the information, based on 
elementary flows, over all the unit processes linked by product flows as delimited by the system 
boundaries. 
This is the most time-consuming stage of the life cycle assessment methodology.  Necessary and 
relevant data has to be collected and verified by exploring the different processes and stakeholders 
involved as in the case of the S-LCA they are addressed to the system´s performance and impact upon 
evaluated categories. 
Environmental Life Cycle Inventory 
The inventory for the environmental approach is based on available data and sources provided by NTNU 
as the internal application GUI, developed at the industrial ecology programme.   Version 13.2 of LCA 
GUI Application is used in this project, while the selected method for the LCIA is the ReCiPe hierarchical 
method. Supporting literature includes “Life Cycle Inventories of Waste Treatment Services” Data v2.1 
(2009) provided by The Ecoinvent centre (Doka 2009). 
 
The life cycle inventory for each scenario has been created by gathering data from available studies of 
waste in Cali (Alcaldia de Santiago de Cali 2010) (SSPD 2009) (DAPM 2006), international literature 
adjusted for the case study (Bogner 2007) (Doka 2009) (EPA 2011) and information on internet. 
 
For all of the scenarios, same quantities of waste generated are assumed as the input for the first 
foreground process. According to scenario alternative, quantities of materials change due to recycling 
rates and stages involved.  For the first scenario which considers the process open burning, special 
emission factors are taken into account separately as this process is not available on the database: 
 
The process of informal collection is not inventoried due to its human-labour sense; hence it does not 
represent a negative impact upon the environment even though is important for the social assessment 
of this system´s life cycle. 
 
The whole environmental inventory built for all of the scenarios can be revised at appendix 3 of this 
document. 
STRESSOR NAME FOREGROUND PROCESS NAMESTRESSOR ROW #F REGROUND PROCESS COLUMN #AM UNT NIT
Comment Comment Comment source
Carbon monoxide, fossil/ air/ high population density Ilegal Open burning 122 10006 670 Kg IPCC
Dioxins, measured as 2,3,7,8-tetrachlorodibenzo-p-dioxin/ air/ high population densityIleg l Open burning 178 10006 2,25E-07 Kg IPCC
Sulfur dioxide/ air/ high population density Ilegal Open burning 503 10006 1,4 Kg IPCC
Nitrogen oxides/ air/ high population density Ilegal Open burning 380 10006 1 Kg IPCC
NMVOC, non-methane volatile organic compounds, unspecified origin/ air/ high population densityIlegal Open burning 365 10006 7,40E-04 Kg IPCC
Particulates, > 10 um/ air/ high population density Ilegal Open burning 397 10006 8,00E-03 Kg IPCC
Methane, fossil/ air/ high population density Ilegal Open burning 336 10006 6,5 Kg IPCC
Carbon dioxide, in air/ resource/ in air Ilegal Open burning 589 10006 600 Kg IPCC
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Social Life Cycle Inventory 
Data collection for a S-LCA includes defining the hotspots, which are specific themes of interest that may 
be considered as a problem, a risk or an opportunity in relation to a social topic as human rights, work 
conditions, cultural heritage, poverty, disease, political conflict, etc.   In this case, there is no social 
database that can be used for the study, hence has been necessary to conduct desktop screening, 
searching for information through the web and through literature surveys as well as interviews with 
different stakeholders. 
 
Informal interviews (by phone and electronically) were conducted with representatives from different 
sectors involved in Solid Waste Management Systems: 
 
Solid Waste 
Management 
Life Cycle Stage Organization Contact Person 
Final Disposal PROACTIVA S.A E.S.P Guillermo Cabal Vélez 
Final Disposal - Landfill PROACTIVA S.A E.S.P Mauricio Arango 
Informal Recycling Fundación Oxigenemos Marta Gaviria 
Collection and disposal General Comptrolling 
office 
Juan Carlos Escobar 
Valderrama 
 
The data was gathered parallel to definition of the sub-indicators.  Most of these sub-indicators were 
identified before starting the data collection, all of them in accordance with relevance to the particular 
context of this case study. This iterative process of searching data led to controversies on the 
organization and categorization of this data specially for representing alternatives of future design.  
Uncertainties are very high when projecting indicators for evaluating potential system´s performance.  
Across the system many companies and organizations occupied a different position which has varied 
over the time, thus the potential impact over the system can lead to totally unexpected changes.  
 
Difficulties have come in finding data of these very new companies that are in charge of the collection 
system.  These organizations are still accommodating their actions towards accomplishment of basic 
statements of the PGIRS and are closed to providing information which leads to evaluation of their 
performance.  At the same time outdated information is the most common pattern of findings.  Trying 
to contact relevant stakeholders can result at an epic task in the city.  While contacting people for 
benchmarking on solid waste practices as well as LCA at European regions (UNEP/LCA Initiative-
Paris)(LCA/Latin-American Network)(Environmental Protection Agency-UK)(ISWA)(Ecoinvent)(Empa-
Switzerland) and receiving appropriate answers and relevant information for the case study, in Cali from 
the contacted organizations (DAGMA)(SSPD)(MAVDT)(Municipality of Cali)(SUI)(Interaseo) just basic 
information was obtained or in many cases not even any response.  
 
Very generic data can be gathered from international sources, but it does not lead to an appropriate 
understanding of the system, therefore even is time-consuming is very important to get specific data for 
the case study. 
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3.4.5 Life Cycle Assessment  
In the environmental impact assessment stage, the inventory of emissions released to the environment 
are converted to an equivalent quantity of a reference compound, an aggregated into impact categories 
(Global Warming Potential, Abiotic Depletion Potential, Human Toxicity Potential, Acidification 
Potential, Fossil Depletion).   Results from impact assessment may be further processed to present a 
single score indicator of environmental impact. 
In the social impact assessment stage the inventory of negative or positive impacts are also aggregated 
into impact categories as well.  But another characterization model is to be presented for visualization of 
the results which are based on a mix of quantitative and qualitative data.  This model allows the 
comparison between the four proposed scenarios. 
The following table shows the aggregation of data into selected impact categories relevant for this case 
study, based on the S-LCA Guidelines: human rights, working conditions, governance and socio-
economic repercussions. 
Impact Category No. Category Indicator 
Human Rights 
1. Child labour 
2. Equal opportunities/discrimination 
Working conditions 
3. Freedom of association and collective bargaining 
4. Fair salary 
5. Health and safety 
Governance 
6. Corruption 
7. Public commitments to sustainability issues 
Socio-economic repercussions 8. Job creation 
 
For analysis of the different impact categories and indicators, three factors have been defined for 
scoring data versus processes along the life cycle: 1) Relevance, 2) Specificity and 3) Accessibility. The 
reason why these factors have been chosen follows the validity of data for obtaining more appropriate 
and specific results that can be applied directly to this case study.  Each factor represents a percentage 
of a total point, when summed up can be multiplied into the number of sub-indicators for attainment of 
scores on each impact category. 
  
Scoring factor according to characterization of the indicator 
Relevance(+) 0,33 0 0,33- (-)Relevance 
Specificity(+) 0,33 0 0,33- (+)Generality 
Accessibility(+) 0,33 0 0,33- (-) Accessibility 
 
It is pertinent to explain how the sub-indicators are related to each impact category, therefore 
qualitative information and description is to be analyzed as follows: 
IMPACT CATEGORY:  Human Rights 
Social Indicator: Equal Opportunities/discrimination 
In Cali, for more than 40 years, the informal sector comprised by recyclers and scavengers made a living 
from waste disposed of in the dumping site “Navarro” that was afterwards, closed in 2008 due to 
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environmental reasons.  Since that moment, more than 2574 persons lost the only option to survive and 
provide themselves with livelihood even though it used to mean “working” under inhumane conditions.   
 
The municipal government compromised to endow this population with job opportunities, education 
and health coverage, but those promises have not been accomplished.   The private sector has taken 
over the situation of social inclusion and has provided socio-economic programmes for 250 recyclers 
through the “Carvajal Foundation” (Carvajal 2010).  
 
These informal workers count with very few options to find another way of subsistence due to their lack 
of higher education, experience in other fields and potential discrimination related to society´s 
perception. 
 
Social Indicator: Child Labour 
In Colombia the population under 15 years represents the 31.4%, which means approximately 
14,420,574. In Cali, this population is represented by 375.002 children.  
 
Colombia experienced a sharp rise in the volume of child workers between 2007 and 2009, with a 
growth of around 35%. According to the Office for National Statistics (DANE) in 2009 the country had a 
least 1.050.147 children working under irregular conditions, compared to 787.000 in 2007.  In addition 
to this figure, nearly 800.000 children, especially girls contribute to an overall total of 1.849.987 minors 
performing any work in Colombia (DANE 2010).   
 
There is an apparent discrepancy in the country, while in 2010 the domestic GDP increased by 4.3%, 
other indicators as child labour, enlarged by 34%, questioning the usefulness of such economic growth 
in the eradication of poverty, well-being. 
 
 
IMPACT CATEGORY:  Working Conditions 
Social Indicator: Freedom of association and collective bargaining 
This indicator can provide information on the options the informal sector can improve conditions to be 
part of a more formal activity.  Recyclers might organize their activities across the recycling chain of the 
solid waste management system.  In general terms, recyclers linked to associations benefit from better 
working conditions stimulated by better practices and inclusion within the municipal solid waste system. 
The creation of associations represents for workers the option of participating as providers of different 
public services as it was the case in Bogotá with the Social Foundation of recyclers that provided the 
waste collection service successfully during 8 months (Terraza and Sturzenegger 2010).    
 
A high relevance for this indicator is shown in this case study as it represents opportunities for creating 
jobs and promoting participation while improving also equalitarian conditions. Most relevant for the 
informal sector and its recycling activities than for the other sectors and process which are formalized 
within the system and already count with better working conditions.  
 
Social Indicator: Fair Salary 
One of the biggest problems for the informal sector is reaching a fair salary that allows them to cover 
basic needs.  According to national statistics and the study for characterization of recyclers (Carabalí, et 
al. 2006), 77,6% of this group live with less than half of the minimum wage established by law in 
Colombia.  This people hardly have economic resources to provide nourishment to themselves and their 
families, much more far access to material resources as housing, education and appropriate health 
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coverage for not mentioning a future with any kind of pension scheme if they are not organized in 
associations or establish themselves as entrepreneurs.  
 
The formal sector is tracked by law, situation that forces companies to provide employees with 
minimum and adequate working conditions.  Consequently, workers are endowed with at least the 
minimum legal wage, private social security, pension scheme and coverage on professional risks. 
 
Social Indicator: Health and Safety 
This indicator represents the protection of health, safety and welfare of people engaged in work or 
employment.  Information for this social impact category has been very difficult to obtain, as the 
informal sector do not report any problem with this regard (Carabalí, et al. 2006), and information from 
the private companies in charge of collection and final disposal do not provide and publish publicly this 
information.  General data has been considered for this indicator as social coverage given by the 
national government to  
 
 
IMPACT CATEGORY:  Governance 
Social Indicator: Corruption 
Colombia is recognized widely by its problematic with regard corruption.  The country ranks No. 78 
among 178 countries in the International Corruption Index developed by Transparency International.  
According to national reporting on corruption happening at private and governmental companies, two 
important organizations related to the solid waste management system in Cali appear to be at moderate 
and high levels of perceived corruption: CVC and Colciencias respectively.  
 
Social Indicator: Public commitments to sustainability issues 
Both the national and local government seem to be involved in introducing and following plans towards 
more sustainable practices at all levels.  As a starting point, the municipal plan contains diverse lines of 
action for mitigating the negative impacts of the system while boosting the current positive aspects.  
The plan also attemps to implement and look for an integrated system which covers challeging 
strategies and seeks to get all the stakeholders implicated in making it happen.  The discussion of this 
indicator would lie upon the reality, effectiveness and veracity of this plan as there are no indicators of 
performance and accomplishment for this plan. 
 
 
IMPACT CATEGORY:  Socio-economic repercussions 
Social Indicator: Job creation 
The fundamentals of this indicator rely on potential of creating new opportunities or formalized at a 
good level the current ones, attributable to the management of waste.  Recycling and recovery of 
materials nowadays represent a way of income only for few people caused by a lack of proper 
management and organization of these activities.  If well directed, they might stand for the creation of 
opportunities for a recycling chain composed by diverse stakeholders. 
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4. Results 
4.4 System Compilation 
 
Scenario 0 / Waste Treatment / Environmental Impact 
Table shows the impact of each process over the selected impact categories for the environmental 
evaluation in Scenario 0; Waste Treatment.  It is well seen that the processes of waste generation, 
transportation to landfill and landfilling have the highest negative impact on the environment due to 
management of the functional unit.    
Three impact categories appear to be the most sensitive ones to the negative effects of handling waste: 
Climate Change, Fossil Depletion and human toxicity.  This is explained by the nature of the processes.  
For waste generation, all the impacts are associated to the different materials, composition and the 
amount of waste that has to be handled.  The process of transportation has a great impact as the 
distance to move waste from the city to the landfill consumes large amounts of fuels which at the same 
time represent a threat for human health.  Landfilling is by far the principal contributor to the 
Greenhouse gases emissions if compared to other processes where waste is moved through.  
The total CO2 emissions produced by the current system design, aggregating all of the processes for this 
scenario, are 3,52E+10 kg CO2-Eq.  The landfill, which is the most important contributors, accounts for 
the 68% of these total emissions of CO2.  Generation of waste represents a 23% of the total sum, while 
transportation from the transfer station to the landfill contributes with 9%. 
 
For the next category with highest negative impact, fossil depletion, the total sums 2,11E+10Kg oil-Eq.  
Landfilling at the same time, as main contributor process, accounts for the 81% of this resource 
0,00E+00 1,00E+10 2,00E+10 3,00E+10 4,00E+10 5,00E+10
Generation
Collection
TS
TL
Dump/Burn
Informal Recycling
WH
Landfill
Generation Collection TS TL
Dump/Bur
n
Informal
Recycling
WH Landfill
climate change 8,14E+09 5,41E+05 1,03E+03 3,26E+09 1,76E-06 4,63E+05 1,36E+05 2,38E+10
fossil depletion 2,56E+09 1,85E+05 2,58E+03 1,37E+09 3,34E-06 1,48E+05 4,48E+04 1,72E+10
freshwater ecotoxicity 7,55E+07 5,55E+02 6,28E+00 4,85E+07 8,99E-09 4,67E+03 8,54E+02 1,30E+08
human toxicity 2,27E+09 2,17E+04 2,08E+02 2,60E+09 3,24E-07 3,39E+05 3,56E+04 3,82E+09
terrestrial acidification 6,51E+07 2,50E+03 1,08E+01 1,25E+07 1,72E-08 1,66E+03 4,41E+02 1,17E+08
terrestrial ecotoxicity 1,59E+07 4,49E+01 5,58E-01 5,47E+05 7,26E-10 3,87E+02 3,22E+01 2,75E+06
Environmental contribution of processes in Scenario0: Waste Treatment 
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exhaustion, while the waste generation process reaches a 12 % and the transportation to landfill 
contributes with 6,34%.  
For the category of human toxicity, important effects are also considered by the same processes as 
these are the ones where human labor and exposure are most likely to occur.  Obtained result for this 
category is the total of 8,70E+09 kg 1,4-DCB-Eq.  Disaggregation of this data shows that 44% of the total 
is contributed by the landfilling process. A fraction of 26% is attributable to waste generation whereas 
30% is represented by the transportation of waste from the transfer station to the landfill. 
The other processes when compared to main contributors do not seem to produce a high negative 
impact over the environment.  The table above shows the specific numbers for each process related to 
all of the selected categories of environmental impact. 
 
Scenario 0 / Waste Treatment / Social Impact 
The scoring system used for the social assessment as explained in previous chapter, attempts to treat 
impact indicators according to its relevance, accessibility and specificity while proposing as weighting 
factors the number of sub-indicators contained in the Life Cycle Inventory.  The scoring results of this 
scenario, given in points, can be revised at appendix 2.2.   
This scenario, which outlines the current situation of the system, shows an important negative effect 
related specially to the informal collection and informal recycling processes.  Negative effects differ in 
this proposed scoring system as they are seen as negative points for each indicator while positive points 
represent benefits for the processes, hence improvements for the system. 
 
Child labour in any case would represent the indicator with the highest negative values if inappropriate 
practices are performed within the system. It is not expected to find a positive value but a neutral figure 
indicating that no child labour is taken place at any stage or process.  It is worth to detach the efforts on 
public commitment to sustainability issues.  All the sectors of the economy and society are attending 
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somehow the international tendencies that show improvements on cities’ development.  This transition 
might take time and strong actions that are seen at the medium -long term perspective.  Corruption still 
represents a huge problem in all the stages of the life cycle considered for this scenario.  Freedom of 
association stands for better opportunities for informal works to become formal groups addressed to 
the recycling chain. The framework has been set and workers have to move steps ahead to claim for 
their options upon the system.  At the same time is important that other stakeholders as external 
agencies (international organizations, NGOs) support these actions as the inclusion of recyclers under 
formal participation into the value chain might lead to unfair competition with the private sector due to 
capacity of response and infrastructure. 
 
Scenario 1 / Waste Recycling / Environmental Impact 
This scenario shows a similar tendency of how three specific processes have a negative impact over the 
environment throughout. The effort as described in chapter of scenario setting stands to improve illegal 
activities derived from informal collection and informal disposal of waste at forbidden places along the 
city.   In this case the total emission of CO2 released by all of the processes accounts for 3,51E+10kg 
CO2-eq.  Compared to previous scenario, the reduction of CO2 emissions represents only a 1% over the 
total.   
 
Again landfill, transportation of waste to the landfill and waste generation has the highest numbers.  
Waste generation remains the same as production of waste per capita has not being modified at any of 
the scenarios, hence is not explained in this alternative.  In this scenario the recycling rate has increased 
from 2% to 4,4% attending just small variations in this tendency to understand the sensitivity of the 
system to this indicator.   
0,00E+00 1,00E+10 2,00E+10 3,00E+10 4,00E+10 5,00E+10
Generation
Collection
TS
TL
Informal Recycling
WH
Landfill
Generation Collection TS TL
Informal
Recycling
WH Landfill
climate change 8,14E+09 5,05E+05 1,01E+03 3,19E+09 2,82E+06 7,95E+05 2,37E+10
fossil depletion 2,56E+09 1,72E+05 2,52E+03 1,34E+09 9,12E+05 2,63E+05 1,72E+10
freshwater ecotoxicity 7,55E+07 5,18E+02 6,14E+00 4,75E+07 2,86E+04 5,01E+03 1,29E+08
human toxicity 2,27E+09 2,02E+04 2,03E+02 2,55E+09 2,08E+06 2,08E+05 3,80E+09
terrestrial acidification 6,51E+07 2,33E+03 1,06E+01 1,23E+07 9,85E+03 2,59E+03 1,17E+08
terrestrial ecotoxicity 1,59E+07 4,19E+01 5,46E-01 5,35E+05 2,42E+03 1,89E+02 2,75E+06
Environmental contribution of processes in Scenario1: Waste Recycling 
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Transportation of waste from the transfer station stands to almost same amount of Greenhouse gases 
emissions released to the atmosphere. Thus, the contribution of this processes to climate change stands 
at 3,19E+09kg CO2-eq.  With regard fossil depletion, the landfill process contributes with 81,49% of the 
total effect to this impact category which means 2,11E+10kg oil-eq. The other consideration for impact 
on the environment is the transportation of waste from transfer station to landfill which accounts for 
6,34%, which means almost same impact due to moving waste to final disposition.  That this impact is 
more relevant that collection, might lead to think about the impact of the lorry which in Ecoinvent, 
considers also operation, maintenance, road and disposal. 
The impact category Human Toxicity shows a total impact of 8,63E+09kg 1,4-DCB- caused by all of the 
processes involved in this scenario.  Just a small variation of 1% is appreciated when compared to first 
scenario.  As for the other cases, same processes are evaluated as the main contributors for this 
category: landfilling with 3,80E+09 kg 1,4-DCB-  which is 44,08% of the total for this category whilst 
transportation of waste from the transfer station to the landfill represents 29,54% of the same total, in 
other words 2,55E+09 kg 1,4-DCB-. 
Scenario 1 / Waste Recycling / Social Impact 
As it has been the case for the results of environmental impact, in the case of social repercussions, the 
variance is still very small as not many conditions change within the system. Health and safety has 
improved at a wider extend as illegal activities have been controlled by recyclers themselves and public 
commitment to more sustainable practices.  The other indicators remain quite similar to scenario 0.  
Due to increase on the recycling rate, it is expected that small improvements on job creation take place, 
even though intervention from external agencies and local privatized foundations cooperate on solving 
the problems related to child labour and balancing of opportunities for fair salaries. 
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Scenario 2 / Waste Processing / Environmental Impact 
The total emissions of CO2 for this scenario are 2,85E+10kg CO2-eq, result that brings a reduction of 
19% of emissions compared to the baseline scenario when introducing a recycling rate of 12% for the 
inorganic waste generated in the city and 15% of the organic fraction collected completely by formal 
means.   The impact category fossil depletion reaches 1,67E+10kg oil-eq, in other words a fraction of 
79% of the scenario 0.  For human ecotoxicity 81% of the Waste Treatment option is obtained.  These 
differences are due to less waste load into transportation from transfer station to the landfill in both 
fractions, organic and inorganic, that are collected by separated, while a less significant fraction of waste 
is also buried at the landfill. 
 
The impact generated over the environment by the MRF (Material Recovery Facility) as well as the 
compost plant is not significant when is compared to the total emissions generated by aggregation of all 
the processes.    
 
Scenario 2 / Waste Processing / Social Impact 
This scenario outlines an improved performance of the system, where an increased rate of recycling 
leads to creation of different processes for waste treatment along the formal sector. Thus, 
improvements come also in better salaries due to formalized activities of recovery and recycling as the 
compost plant and the MRF.  If not well managed, still these companies can be affected by corruption 
facts that are totally uncertain at any projection in developing countries.  In Colombia the corruption 
perceptions has remained at the same level and even losing some points for improvement, during more 
than 5 years according to statistics of Transparency International .  A fraction of 220ton/day of recycled 
material can provide employment under safe conditions for 1200 persons according to estimates made 
under interviews (Marta Gaviria) and research. 
0,00E+00 1,00E+10 2,00E+10 3,00E+10 4,00E+10
Generation
Collection
TS
TL
MRF
Compost plant
Landfill
Generation Collection TS TL MRF
Compost
plant
Landfill
climate change 8,14E+09 5,52E+05 5,85E+01 2,46E+09 3,54E+07 1,99E+08 1,76E+10
fossil depletion 2,56E+09 1,88E+05 1,47E+02 1,03E+09 1,11E+07 1,13E+08 1,29E+10
freshwater ecotoxicity 7,55E+07 5,66E+02 3,57E-01 3,66E+07 5,39E+05 2,15E+06 8,47E+07
human toxicity 2,27E+09 2,21E+04 1,18E+01 1,97E+09 2,45E+07 1,12E+08 2,67E+09
terrestrial acidification 6,51E+07 2,55E+03 6,13E-01 9,46E+06 1,60E+05 9,82E+05 8,83E+07
terrestrial ecotoxicity 1,59E+07 4,58E+01 3,17E-02 4,13E+05 1,98E+04 6,03E+04 2,07E+06
Environmental contribution of processes in Scenario2: Waste Processing 
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Scenario 3 / Waste Minimization / Environmental Impact 
In this scenario the total impact associated to climate change goes up to 2,45E+10kg CO2-eq which 
compared to the initial scenario, represents a reduction on emissions of 31% from the total fraction of 
this category. For this case, the recycling rate is still higher than for previous scenarios, as the aim is to 
explore the sensitivity of the system and its processes to recycling activities as contributors to mitigation 
of negative impact over the environment, human health and ecosystems.  
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Social impact attributed to processes of Scenario 2: Waste Processing 
Formal Collection Informal Collection TS Transport to landfill MRF Compost plant Landfill
0,00E+00 1,00E+10 2,00E+10 3,00E+10
Generation
Collection
TS
TL
Recycling Hubs
Biogas plant
Sanitary Landfill
Generation Collection TS TL
Recycling
Hubs
Biogas plant
Sanitary
Landfill
climate change 8,14E+09 3,61E+05 3,43E+01 1,95E+09 6,06E+07 5,04E+08 1,38E+10
fossil depletion 2,56E+09 1,23E+05 8,58E+01 8,15E+08 1,91E+07 1,27E+08 1,02E+10
freshwater ecotoxicity 7,55E+07 3,70E+02 2,09E-01 2,90E+07 8,20E+05 5,52E+06 6,05E+07
human toxicity 2,27E+09 1,45E+04 6,91E+00 1,56E+09 4,22E+07 4,07E+08 2,00E+09
terrestrial acidification 6,51E+07 1,67E+03 3,59E-01 7,48E+06 2,66E+05 1,63E+06 6,97E+07
terrestrial ecotoxicity 1,59E+07 3,00E+01 1,86E-02 3,27E+05 3,84E+04 7,87E+04 1,63E+06
Environmental contribution of processes in Scenario3: Waste Minimization 
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The approach of this alternative is to mix both approaches for an integrated option of waste 
management: social innovation hand-by-hand of technological improvements along the value chain.  
Mitigation of the impact can be seen also at the category fossil depletion where the total amount is 
1,38E+10kg oil-eq, a reduction of 35% from the first scenario studied.  At the same time, human 
ecotoxicity improves by 29% compared to the same scenario.  The processes landfilling reaches a 
fraction of 1,38E+10kg CO2-Eq, which means a better performance of the process by reducing emissions 
to a 58% of baseline scenario.  The process of transportation from transfer station to the landfill also 
reflects a great improvement by a fraction that goes down to 60% of the same process in first scenario.    
The environmental benefits of recycling are well outlined throughout the different stages that are part 
of the real situation in Cali and potential systems that can be designed to reach these targets. 
 
Scenario 3 / Waste Minimization / Social Impact 
Continuing with improvements, this scenario also reflects the improvements that can be reached due to 
organized recycling activities.  These activities take place at recycling hubs organized through the 
neighborhoods and are managed by organizations of recycler who network and cooperate with private 
companies in charge of the collection system and are addressed at the same time to the government.  
The inclusion of external entities as private foundations and private companies permit the improvement 
of working conditions, human rights, health and safety but still the corruption chapter remains 
uncertain. 
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The contribution analysis brings together the four scenarios for direct comparison of the percentage 
each value contributes to a total across the selected categories of environmental impact. 
 
Summarizing the social and environmental impacts related to the four scenarios, it is possible to see that 
the design option No.3 is by far the best alternative for improvement of the system in all of the 
categories.  Social innovation can bring a great path to explore as it considers local conditions and 
exploration of a creative culture as It certainly is Cali. 
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5. Discussion and Conclusions 
In the first chapter of this case study, three Research Questions were exposed.  For this final chapter 
these questions are brought for analysis and response. 
 
 
4. What are the most influential factors and main challenges for improving the current Solid Waste 
Management System in Cali? 
 
One of the most important and influential factors is the disarticulation and lack of planning for the long-
term perspective where the government is directly involved in collaboration with different stakeholders.  
Plans and guidelines that are proposed under local jurisdiction change constantly over each change of 
governmental period. Transparency and commitment to follow more than day-to-day tasks are 
characteristics that governmental authorities and organizations “forget” in many cases, as it can be seen 
at high and medium levels of corruption that have effect at all the stages. The government sets out 
specific guidelines that are not followed and are not articulated from a systematic and a holistic point of 
view.  Departments work separately and are not regulated and audited for public knowledge, so the 
only way to help controlling these entities has been the way of bringing international agencies and 
organizations that have the power to evaluate and take over the system as it is the case of Transparency 
International, The World Bank and United Nations.  Increasing cooperation from these types of 
organizations is received within the country, while at the same time international corporations look 
upon the city as a potential provider of resources and currently, projects on CDM.  Corruption is a 
closed-loop problem that lurks developing countries as it involves certain level of racketeering and 
brings the situation out of proportion.  The coming into play of diverse stakeholders permits the system 
to be more permeable to transparent actions while special attention is also put into “Corporate Social 
Responsibility” actions across private sectors. 
 
The lack of knowledge on waste management practices and solutions is another important factor 
threatening the improvement of the system.  European, North-American and Japanese ways of doing 
are trends that in most cases tend to be implemented in Cali without studying local conditions, 
implementation timings and capacity to handle technologies and foreign practices.  An excessive trust in 
technology as the unique solution to problem solving leads to high-costing acquisitions that are not paid 
off at the planed time. Social innovation in this case study might serve as a great complement for 
developing local practices while implementing affordable technology that complies with the system´s 
conditions.  
 
Another challenge for improvement of the Solid Waste Management System in Cali is the integration of 
the informal sector which can provide flexibility, fast response, and qualified recycled material with the 
formal-private sector that offers big capacity of management and transformation, economic strength 
and support, wider networking and vision of continuity.  Recyclers are carriers of strategies and flexible 
campaigns of communication with society.  This important group of the recycling chain bears an 
untapped potential for managing resources which should be better studied given that in other regions 
(Bogotá, Brazil, India), under a better organization, perform notable practices of social innovation.  This 
recycling chain can be transformed into a wider concept that looks for more sustainable options of 
managing resources. 
1. 
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 Impotant and relevant solutions can be proposed for improving the system in Cali.  Through changes on 
key elements as the recycling rate that can save extraction of raw materials and energy consumption, 
avoid emissions to air/water/land, create more jobs and opportunities of make a living, etc. there is a 
main issue that will definitely drive the change:  sustainable/unsustainable behaviour.  This is the key 
factor, as it is present not only through all the stages of the Waste´s value chain where diverse 
stakeholders are present (workers, society, government, private companies among others) but also at 
the first stage of the whole system which is the demand and consumption of goods. 
 
 
5. How effective are the methods SLCA and ELCA for measuring social and environmental impacts of the 
solid waste management in Cali according to the availability and relevance of collected data? 
 
The environmental approach of the LCA has been applied for this case study with quite effectiveness 
even though building up the life cycle inventory of the different systems has been very challenging due 
to the nature of diverse processes that are not evaluated in developed countries were LCA tools are at a 
very advanced stage.  Even so, the availability and provision of these LCA tools by NTNU is a valuable 
issue, given that conditions at other universities or regions would have resulted in a heroic task.  If this 
study would have been attempted in Cali, probably qualitative results would have been the main 
domain.   The flexibility of the software that has been used for the ELCA has allowed making 
assumptions and inclusions of particular and relevant conditions for the solid waste assessment in Cali.  
 
Without a question this tool provide practitioner with the options to manage own cases.  This is possible 
thanks to the level of development that the Environmental LCA has reached through the years. 
Innumerable cases have been carried out, while evaluation of the same methodology and improvements 
permit that this tool can be used at a wide extension when assessing products or even so systems. 
Yet, he evaluation of urban systems under social and environmental perspectives in developing 
countries is a very challeging endevour since availability and accesibitily to data remains at a closed 
level.  The channels of comunication with governmental organizations and private companies are very 
close and if the information needed exists, is not publicly available.  Still the channels of particular 
contacts and personal influences play a key role for gathering data relevant for the assessment of public 
services, in my particular case, I had the chance to contact kwnown person who allow me information of 
the solid waste management system otherwise it would have been impossible to access. 
 
With regard the case of Social LCA the situation is more complicated. Both, the methodology and the 
topic are under development in Cali, with very few information available for analysis and comparison. 
for the case of environmental impact assessment, development of several studies have permitted 
governments and industries to valorize and prioritize the stressors that most contribute negatively 
human health, natural resources and ecosystems.  When human behavior and social parameters the 
situation turns to be extremely challenging and unpredictable, so the uncertainties related to the case 
study and evaluation of itself represents a bunch of assumptions with a low level of accuracy and 
potentiality to occur.  Defining the system in terms of structural paths of social stressors is also a 
2. 
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challenging venture that requires a deep study of the local conditions as social structures vary 
extensively from country to country an even from cities to cities.  The cultural aspect plays also a key 
role when analyzing a system.   
The social dimension brings along one of the most important factors when driving new paths: humans 
behavior.  How the society is built depends basically on how people relate to each other and their 
surroundings. Culture is one of the most important engines for community´s behavior; it sets out the 
framework under which all of the economic, political and environmental factors take place. 
Evaluating humans as special components of all of activities, and specially their behavior when taking 
decisions over the problems faced on society, result even in a more complex task. In this case study, for 
some of the stakeholders involved in the system, some priorities for improving the problematic of this 
case study might be related for instance to the subject of corruption, for some others the creation of 
new jobs, while for some others the basis of social and environmental change can be education. 
The social LCA stands at a point where might not be useful for comparing diverse systems as it is very 
local-driven, the conditions at a specific place change the system´s or product´s performance along its 
life cycle.  Some factors and indicators that are important for once system and some stakeholders might 
not be necessary for the same system at another region as the impacts might vary also even under same 
stressors.   
Even though some authors (Barthel, 2009) proposes the use of generic data from country and industry 
specific databases, in cases where many stakeholders are involved at specific processes and under 
special local conditions, this approach would be completely out of the scope and aim of the case study, 
no relevant information would identify the hotspots of the evaluated system. 
The social LCA would require extensive development of structural paths, weighting factors, 
characterization of the indicators and construction of life cycle inventories.  Many of the approaches and 
literature review focus on social issues with a direct relation to company´s conduct towards 
stakeholders, but in that sense this approach could overlap with CSR approaches. 
 
 
6. Is the application of these methods a realistic path to improve the system under the sustainability 
paradigm? 
 
These methodologies have a well based approach and structure for understanding current systems.  In 
the case of environmental LCA, the application of this evaluation tools certainly can provide light to 
propose potential and highly realistic paths steps towards improvement of any product or system.  
Management of no-human factors is more likely to happen, considering that it might be also a tough 
mission.  But when it comes to foresee the impact produced by social practices, behaviour and 
performance of stakeholders and institutions, the applicability of a social LCA is much more difficult to 
see.  This methodology as it has been mention before can provide realistic information if is developed 
for understanding of current situations and analysis of hotspots, but not for scenario building as the 
level of uncertainty is set out of proportion. 
3. 
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| APPENDIX | 
 
Appendix 1 – According to UNEP/SETAC Code of practice, modified set of indicators 
 
 
 
 
 
 
STAKEHOLDER CLASIFICATION / IMPACT 
CATEGORIES TYPE I
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ct
ivi
ty
cu
ltu
ra
l h
er
ita
ge
go
ve
rn
an
ce
measures: quantitative (q), semi-
quantitative (sq), descriptive (d)
commentsIMPACT CATEGORIES CLASIFICATION
freedom of association q,sq q,sq d may be to specific for a company
child labor q,d q q q,d part of the informal recycling sector
fair salary q,d q q,d in accordance with standarized prices
working hours q q,d q q,d may be also up to each worker
forced labor q,d q q q,sq q,d women, children exposed
equal opportunities/discrimination sq,d q,d q,d lack of opportunities - poverty
health and safety q,d q,d q,d q,d not enforced conditions
social benefits/social security q,d q q q,d sq,d working conditions- informal sector
feedback mechanism d d product/service feedback on usage
consumer privacy d d specific for products/services
transparency q,d sq,d specific for products/services
enf od life responsibility q,d q,d q,d sq,d  awareness - wastes
health and safety q,d q,d q,d q,d q,d good conditions
access to material resources sq,d sq,d sq,d sq,d q,d sq,d sharing resources/water/land
access to inmaterial resources sq,d sq,d sq,d sq,d q,d sq,d comm. services/education/expression
delocalization and migration sq,d sq,d sq,d sq,d individuals seeking employment
cultural heritage sq,d sq,d q,d q,d not applied for this case
safe and healthy living conditions q,d q,d q,d q,d q,d adequate environment
respect of indigenous rights q,d q,d no indigenous comm. Involved
community engagement sq,d sq,d sq,d sq,d sq,d change behaviour/participation
local employment q,d q,d q,d q,d q,d prmote jobs/improve working condit.
secure living conditions sq,d sq,d sq,d secutiry forces to protect employees
public commitments to sustainability issues sq,d sq,d sq,d sq,d community´s involvement
contribution to economic development q,d sq,d sq,d improve conditions
prevention and mitigation of armed conflicts q,d q,d q,d special conflicts/dangerous zones
technology development q,d q,d q,d q,d improve the system/appropiate tech
corruption q,d q,d q,d q,d q,d q,d involvement/conduct-agreements/rules
fair competition sq,d sq,d sq,d monopoly practices/stakeholders
promoting social responsability sq,d sq,d sq,d sq,d q,d goverment and different actors involved
supplier relationship q,d q,d d related directly to companies
respect of intelectual properties sq,d sq,d sq,d product/service creation-design
Total
va
lu
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Appendix 2.1 – Social Life Cycle Inventory 
STAKEHOLDER 
CATEGORY 
CATEGORY 
INDICATOR 
“Stressor” Result 
Reference 
value 
Source-Reference Material 
Workers 
Freedom of 
association 
and collective 
bargaining 
Existence of 
any law with 
regard 
freedom of 
association 
1. Freedom of association as 
entrepreneurs on recycling 
activities. Policy, “Sentencia T-291 
2009”.  
2. Association Right, stated at an 
international level (ILO) and also 
at a national level: Article 38 and 
39 of the Political Constitution of 
Colombia 
 
 1. Corte Constitucional de 
Colombia.  Reference: file 
T-2043683. 
http://ciruelo.uninorte.ed
u.co/pdf/derecho/23/6%2
0Alcances%20del%20derec
ho%20de%20asociacion%2
0en%20Colombia.pdf 
2. www.banrep.gov.co/regim
en/resoluciones/cp91.pdf 
 
Equal 
opportunities/ 
discrimination 
Law/policies 
promoting 
equality, 
recognition  
1. National level. Law 511 (1999).  
Establishing “The Day of the 
Recycler and Recycling”  
2. Municipal level. Sentence T-411-
09.  Discrimination or 
marginalization. 
 Ministry of Environment, 
Housing and Urban 
Development (MAVDT). 
Colombia.   
1. http://www.minambiente.
gov.co/documentos/ley_0
511_040899.pdf 
2. http://www.cali.gov.co/pl
aneacion/documentos.ph
p?id=141 
 
Index of 
workers 
perception 
1. 41,1% of the informal sector 
(recyclers) perceive social 
exclusion due to their socio-
economic level 
 1. Socio-economic 
characterization of 
Recyclers in Cali. DAPM-
PGIRS (2009) 
 
Child labour Percentage of 
children 
working under 
minimum age 
1. Minimum age convention 
(No.138) (minimum age: 14 years) 
2. 23% of the recyclers in 2009 were 
children under 15 years. 22% of 
children were illiterate while 65% 
abandoned school in search of 
money to bring home. 
14 years 2. ILO (2008). International 
Programme on the 
Elimination of Child 
Labour. 
http://www.ilo.org/ipecinf
o/product/viewProduct.do
?productId=7794 
3. Socio-economic 
characterization of 
Recyclers in Cali. DAPM-
PGIRS (2009) 
 http://www.encolombia.c
om/larealidad2_pediatria3
4-1.htm 
Fair Salary Percentage of 
workers 
gaining less 
than minimum 
legal wage 
 77,6% of the recyclers live with ½ 
of the minimum legal wage. (1997 
people living under the poverty 
line). 
 18,8% of the recyclers gain 
between 1 and 1,5 of the 
minimum legal wage 
 3,6% live with more than 1,5 
minimum legal wages. 
536,805 
(COP) 
= 
US$302 
 http://www.banrep.gov.co
/docum/ftp/borra436.pdf 
 Socio-economic 
characterization of 
Recyclers in Cali. DAPM-
PGIRS (2009) 
Health and 
Safety 
Reported 
accidents or 
injuries in 
informal 
sector 
No information found on this aspect   
Health 
coverage for 
informal 
sector 
1. The Lowes-income level (1 and 2) 
in Colombia count with social 
coverage subsidized by the 
government 
72,2% of 
recyclers 
affiliated 
Socio-economic 
characterization of Recyclers 
in Cali. DAPM-PGIRS (2009) 
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STAKEHOLDER 
CATEGORY 
CATEGORY 
INDICATOR 
“Stressor” Result 
Reference 
value 
Source-Reference Material 
Reported 
injuries in 
formal sector 
No information found on this aspect   
Local 
Community 
Job creation No. of jobs per 
ton of recycled 
material 
1. Recycling foundations provide 
direct and indirect employment 
from recycled material in a 
relation of 80kilos = 1 job 
 
80kilos of 
recycled 
material= 1 
job 
Fundación Oxigenemos, Cali. 
Local 
Community 
Job creation Effect on 
employment 
market 
1. Availability of recycled material 
can conduct to creation of new 
transforming companies 
 
 PGIRS 
Society- 
Government 
Public 
commitment 
to 
sustainability 
issues 
Legislation on 
Solid Waste 
Management 
1. National level. National Policy for 
management of Solid Waste: Law 
99 (1993), Law 142 (1994) and 
CONPES 2750 MINAMBIENTE-
DNP-UPA  
2. National level. Policy “Decreto 
1505 de 2003”. Establishment of 
PGIRS 
3. Municipal level. Policy “Decreto 
Municipal 0475 de 2004”. 
“Decreto 838 de 2005 (changes 
on law 142) 
4. Municipal level. Policy “Decreto 
0059 de 2009. (PGIRS) 
 1. Ministry of Environment, 
Housing and Territorial 
Development (MAVDT). 
Colombia. 
http://www.minambiente.
gov.co/documentos/ley_0
142_110794.pdf 
2. Municipality of Cali. 
http://www.cali.gov.co/pl
aneacion/documentos.ph
p?id=141 
3. Ministry of Environment, 
Housing and Territorial 
Development 
http://www.minambiente.go
v.co/documentos/dec_0838_
230305.pdf 
Effectiveness 
and progress 
of policies 
 Set of Indicators developed by 
MAVDT, evaluation and follow-up 
of PGIRS. 
Not found Municipality of Cali. PGIRS 
Value chain 
actors  
Corruption 
Number of 
organizations 
part of 
“Transparency 
International” 
, ranking 
below 
moderate level 
(ITN
4
 <74,5) in 
2009 
 CVC (Regional Department of 
environmental management) 
with 70,4points at ITN (medium 
level of corruption) 
 Colciencias (National Department 
of Science, Technology and 
innovation) reaches 55,1points at 
ITN (high level of corruption)  
2/10 Transparency International 
http://www.transparenciacol
ombia.org.co/LinkClick.aspx?
fileticket=c-
628IlJPJI%3d&tabid=36&lang
uage=es-ES 
Country 
ranking on 
corruption 
perception 
 Colombia ranks No. 78, with 3.5 
point over 10. 
78/185 http://www.transparency.or
g/policy_research/surveys_in
dices/cpi/2010/results 
Special 
measures 
against 
corruption 
 Anti-corruption statute. 
Recognized by OAS (Organization 
of American States) 
 http://www.elpais.com.co/el
pais/cali/comienza-en-cali-
conferencia-sobre-avances-y-
desafios-contra-corrupcion 
 
 
 
  
                                                          
4
 Index of National Transparency 
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Appendix 2.2 –  Social Scoring of Scenario 0, Waste Treatment 
 
 
 
 
SCENARIO 0
weighting 
factor
Formal  
Col lection
Informal  
Col lection
TS Transport 
to landfi l l
Dumping / 
burning
Informal  
Recycl ing
Ware-
hous ing
Landfi l l
1 Freedom of association 2 0,33 0,33 0 0 0 1 0 0,33 3,98
2 Child Labour 2 0 -1 0 0 -0,33 -1 0 0 -4,66
3 Fair salary 1 0,33 -1 0,33 0,33 0 -1 0,33 0,33 -0,35
4 Equal opportunities / discrimination 2 0,33 -1 0,33 0,33 0 -1 0,33 0,33 -0,7
5 Health and Safety 3 0,33 -1 0,33 0,33 -1 -1 0 0,33 -5,04
6 job generation 4 0,66 -1 0,33 0,33 0 -1 -0,33 0,33 -2,72
7 Public commitment to sustainability issues 2 1 1 0,33 0,33 -0,33 0,33 0 0,33 5,98
8 corruption 2 -0,33 -0,33 -0,33 -0,33 0 -0,33 0 -0,33 -3,96
so
ci
al
SOLID WASTE MANAGEMENT IN CALI
TOTAL
Matrix of the different impacts related to each process when managing the functional unit
SCENARIO 1
weighting 
factor
Formal  
Col lection
Informal  
Col lection
TS Transport 
to landfi l l
Informal  
Recycl ing
Ware-
hous ing
Landfi l l
1 Freedom of association 2 0,33 0,66 0 0 1 0 0,33 4,64
2 Child Labour 2 0 -1 0 0 -1 0 0 -4
3 Fair salary 1 0,33 -1 0,33 0,33 -1 0,33 0,33 -0,35
4 Equal opportunities / discrimination 2 0,33 -1 0,33 0,33 -1 0,33 0,33 -0,7
5 Health and Safety 3 0,33 -0,33 0,33 0,33 -0,66 0 0,33 0,99
6 job generation 4 0,66 -0,33 0,33 0,33 -0,33 -0,33 0,33 2,64
7 Public commitment to sustainability 2 1 1 0,33 0,33 0,33 0 0,33 6,64
8 corruption 2 -0,33 -0,33 -0,33 -0,33 -0,33 0 -0,33 -3,96
Matrix of the different impacts related to each process when managing the functional unit
SOLID WASTE MANAGEMENT IN CALI
TOTAL
so
ci
al
SCENARIO 2
weighting 
factor
Formal  
Col lection
Informal  
Col lection
TS
Transport 
to landfi l l
MRF
Compost 
plant
Landfi l l
1 Freedom of association 2 0 0,66 0 0 0 0 0 1,32
2 Child Labour 2 0 -0,33 0 0 0 0 0 -0,66
3 Fair salary 1 0,33 -0,33 0,33 0,33 0,33 0,33 0,33 1,65
4 Equal opportunities / discrimination 2 0,33 -0,33 0,33 0,33 0,33 0,33 0,33 3,3
5 Health and Safety 3 0,33 -0,33 0,33 0,33 0,33 0,33 0,33 4,95
6 job generation 4 0,66 -0,33 0,33 0,33 -0,33 -0,33 0,33 2,64
7 Public commitment to sustainability 2 1 1 0,33 0,33 0,33 0,33 0,33 7,3
8 corruption 2 -0,33 -0,33 -0,33 -0,33 -0,33 0 -0,33 -3,96
SCENARIO 3
weighting 
factor
Formal  
Col lection
Informal  
Col lection
TS
Transport 
to landfi l l
Recycl ing 
hubs
Biogas  
Plant
Landfi l l
1 Freedom of association 2 0 1 0 0 1 0 0 4
2 Child Labour 2 0 -0,33 0 0 0 0 0 -0,66
3 Fair salary 1 0,66 0,33 0,33 0,33 0,33 0,33 0,33 2,64
4 Equal opportunities / discrimination 2 0,33 0,33 0,33 0,33 0,33 0,33 0,33 4,62
5 Health and Safety 3 0,66 0,66 0,66 0,33 0,66 0,66 0,33 11,88
6 job generation 4 0,66 0,66 0,33 0,33 0,66 0,33 0,33 13,2
7 Public commitment to sustainability 2 1 1 0,33 0,33 0,33 0,33 0,33 7,3
8 corruption 2 -0,33 0 -0,33 -0,33 0 0 -0,33 -2,64
SOLID WASTE MANAGEMENT IN CALI
TOTAL
so
ci
al
SOLID WASTE MANAGEMENT IN CALI
TOTAL
so
ci
al
Matrix of the different impacts related to each process when managing the functional unit
Matrix of the different impacts related to each process when managing the functional unit
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Appendix 3 – Environmental Life Cycle Inventory for each scenario 
Scenario 0 Waste Treatment. Background processes from Ecoinvent 2000 database. Units in kg. 
 
 
 
Background Process Name Foreground Process Name Unit
Comment Comment BACKGROUND PROCESS ROW #FOREGROUND PROCESS COLUMN #VALU background
waste paper, mixed, from public collection Municipal Waste Generation 2556 10001 116220 kg
glass, from public collection Municipal Waste Generation 1364 10001 41400 kg
polyvinylidenchloride Municipal Waste Generation 2673 10001 9260 kg
polystyrene, general purpose, GPPS Municipal Waste Generation 2665 10001 3700 kg
polypropylene Municipal Waste Generation 2662 10001 1850 kg
polyethylene terephthalate Municipal Waste Generation 2654 10001 12970 kg
aluminium Municipal Waste Generation 1755 10001 10780 kg
polyethylene, HDPE Municipal Waste Generation 2655 10001 48160 kg
polyethylene, LDPE Municipal Waste Generation 2656 10001 55570 kg
polyurethane, flexible foam Municipal Waste Generation 2667 10001 53720 kg
biowaste, at collection point Municipal Waste Generation 420 10001 1195195 kg
tin Municipal Waste Generation 1918 10001 9360 kg
copper Municipal Waste Generation 1799 10001 203 kg
wood Municipal Waste Generation 430 10001 11383 kg
ceramic tiles Municipal Waste Generation 864 10001 24786 kg
synthetic rubber Municipal Waste Generation 2676 10001 27172 kg
textile Municipal Waste Generation 2702 10001 107310 kg
polyethylene, LLDPE Municipal Waste Generation 2657 10001 70961 kg
disposal, lorry 16t Municipal Waste Collection 3178 10002 230 unit
Diesel at regional storage Waste Transfer Station 2343 10003 1,12E+00 kg
transport, municipal waste collection, lorry 21t Transportation TS to landfill 4018 10004 50 tkm
petrol Ilegal Dumping and Burning 2380 10005 6,24E-07 kg
glass, from public collection informal recycling 1364 10006 3640 kg
waste paper, mixed informal recycling 2527 10006 6450 kg
corrugated board informal recycling 2507 10006 3800 kg
polystyrene scrap informal recycling 2663 10006 16320 kg
copper informal recycling 1805 10006 20 kg
aluminium scrap, old informal recycling 1754 10006 1830 kg
paper, recycling warehousing recyclables 2556 10007 6460 kg
glass cullets warehousing recyclables 1363 10007 3650 kg
corrugated board, recycling fibre warehousing recyclables 2507 10007 3800 kg
sanitary landfill facility sanitary landfill 4024 10008 1 unit
disposal, aluminium, to sanitary landfill sanitary landfill 3318 10008 9830 kg
disposal, polyethylene terephtalate sanitary landfill 3334 10008 11820 kg
disposal, polyvinylchloride sanitary landfill 3339 10008 8440 kg
disposal, glass sanitary landfill 3076 10008 37750 kg
disposal, polypropylene sanitary landfill 3336 10008 1690 kg
disposal, newspaper sanitary landfill 3327 10008 11660 kg
disposal, packaging cardboard sanitary landfill 3328 10008 39210 kg
disposal, packaging paper sanitary landfill 3329 10008 36030 kg
disposal, paper sanitary landfill 3331 10008 19070 kg
disposal, polystyrene sanitary landfill 3367 10008 3380 kg
disposal, polyethylene sanitary landfill 3335 10008 94580 kg
disposal, tin sheet sanitary landfill 3343 10008 8733 kg
disposal, wood untreated sanitary landfill 3345 10008 11383 kg
disposal, municipal solid waste sanitary landfill 3326 10008 1207310 kg
disposal, inert material sanitary landfill 3324 10008 299114 kg
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Scenario 1 Waste Recycling. Background processes from Ecoinvent 2000 database. Units in kg. 
 
 
 
Background Process Name Foreground Process Name Unit
Comment Comment BACKGROUND PROCESS ROW #FOREGROUND PROCESS COLUMN #VALU background
waste paper, mixed Municipal Waste Generation 2556 10001 116220 kg
glass, from public collection Municipal Waste Generation 1364 10001 41400 kg
polyvinylidenchloride Municipal Waste Generation 2673 10001 9260 kg
polystyrene Municipal Waste Generation 2665 10001 3700 kg
polypropylene Municipal Waste Generation 2662 10001 1850 kg
polyethylene terephthalate Municipal Waste Generation 2654 10001 12970 kg
aluminium Municipal Waste Generation 1755 10001 10780 kg
polyethylene, HDPE Municipal Waste Generation 2655 10001 48160 kg
polyethylene, LDPE Municipal Waste Generation 2656 10001 55570 kg
polyurethane, flexible foam Municipal Waste Generation 2667 10001 53720 kg
biowaste Municipal Waste Generation 420 10001 1195195 kg
tin Municipal Waste Generation 1918 10001 9360 kg
copper Municipal Waste Generation 1799 10001 203 kg
door Municipal Waste Generation 430 10001 11383 kg
ceramic tiles Municipal Waste Generation 864 10001 24786 kg
synthetic rubber Municipal Waste Generation 2676 10001 27172 kg
textile Municipal Waste Generation 2702 10001 107310 kg
polyethylene, LLDPE Municipal Waste Generation 2657 10001 70961 kg
disposal, lorry 16t Municipal Waste Collection 3178 10002 220 unit
Diesel Waste Transfer Station 2343 10003 1,12E+00 kg
transport, municipal waste collection, lorry 21t Transportation TS to landfill 4018 10004 50 tkm
glass, from public collection, unsorted informal recycling 1364 10005 9120 kg
waste paper, mixed, from public collection informal recycling 2527 10005 16130 kg
corrugated board, recycling fibre informal recycling 2507 10005 9500 kg
polystyrene scrap, old informal recycling 2663 10005 40800 kg
copper, secondary informal recycling 1805 10005 40 kg
aluminium scrap, old informal recycling 1754 10005 2370 kg
paper, recycling warehousing recyclables 2556 10006 16130 kg
glass cullets, sorted warehousing recyclables 1363 10006 9120 kg
corrugated board, recycling fibre warehousing recyclables 2507 10006 9500 kg
sanitary landfill facility sanitary landfill 4024 10007 1 unit
disposal, aluminium sanitary landfill 3318 10007 8520 kg
disposal, polyethylene terephtalate sanitary landfill 3334 10007 10250 kg
disposal, polyvinylchloride sanitary landfill 3339 10007 7320 kg
disposal, glass, 0% water sanitary landfill 3076 10007 32740 kg
disposal, polypropylene sanitary landfill 3336 10007 1460 kg
disposal, newspaper, 14.7% water sanitary landfill 3327 10007 10110 kg
disposal, packaging cardboard, 19.6% water sanitary landfill 3328 10007 34000 kg
disposal, packaging paper, 13.7% water sanitary landfill 3329 10007 16540 kg
disposal, paper, 11.2% water sanitary landfill 3331 10007 31250 kg
disposal, polystyrene sanitary landfill 3367 10007 2930 kg
disposal, polyethylene sanitary landfill 3335 10007 82020 kg
disposal, tin sheet sanitary landfill 3343 10007 7400 kg
disposal, wood untreated sanitary landfill 3345 10007 11383 kg
disposal, municipal solid waste, 22.9% water sanitary landfill 3326 10007 1207310 kg
disposal, inert material sanitary landfill 3324 10007 292767 kg
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Scenario 2 Waste Processing. Background processes from Ecoinvent 2000 database. Units in kg. 
 
 
 
 
Background Process Name Foreground Process Name Unit
Comment Comment BACKGROUND PROCESS ROW #FOREGROUND PROCESS COLUMN #VALU background
waste paper, mixed Municipal Waste Generation 2556 10001 116220 kg
glass, from public collection Municipal Waste Generation 1364 10001 41400 kg
polyvinylidenchloride Municipal Waste Generation 2673 10001 9260 kg
polystyrene, general purpose, GPPS Municipal Waste Generation 2665 10001 3700 kg
polypropylene Municipal Waste Generation 2662 10001 1850 kg
polyethylene terephthalate Municipal Waste Generation 2654 10001 12970 kg
aluminium Municipal Waste Generation 1755 10001 10780 kg
polyethylene, HDPE Municipal Waste Generation 2655 10001 48160 kg
polyethylene, LDPE Municipal Waste Generation 2656 10001 55570 kg
polyurethane, flexible foam Municipal Waste Generation 2667 10001 53720 kg
biowaste Municipal Waste Generation 420 10001 1195195 kg
tin Municipal Waste Generation 1918 10001 9360 kg
copper Municipal Waste Generation 1799 10001 203 kg
door Municipal Waste Generation 430 10001 11383 kg
ceramic tiles Municipal Waste Generation 864 10001 24786 kg
synthetic rubber Municipal Waste Generation 2676 10001 27172 kg
textile Municipal Waste Generation 2702 10001 107310 kg
polyethylene, LLDPE Municipal Waste Generation 2657 10001 70961 kg
disposal, lorry 16t Municipal Waste Collection 3178 10002 230 unit
Diesel Waste Transfer Station 2343 10003 6,24E-02 kg
transport, municipal waste collection, lorry 21t Transportation TS to landfill 4018 10004 50 tkm
glass, from public collection, unsorted MRF 1364 10005 25080 kg
waste paper, mixed, from public collection, for further treatment MRF 2527 10005 44350 kg
corrugated board, recycling fibre MRF 2507 10005 26000 kg
polystyrene scrap, old MRF 2663 10005 112200 kg
copper, secondary MRF 1805 10005 120 kg
aluminium scrap, old MRF 1754 10005 12200 kg
building, hall MRF 3653 10005 110 m2
Diesel MRF 2343 10005 6,10E-02 kg
electricity mix MRF 900 10005 8,16E-02 KWh
conveyor belt MRF 3660 10005 4,00E+01 m 
compost plant Compost Plant 3607 10006 1 Unit
Diesel Compost Plant 2343 10006 0,037 kg
biowaste Compost Plant 420 10006 275 kg
sanitary landfill facility sanitary landfill 4024 10007 1 unit
disposal, aluminium sanitary landfill 3318 10007 4450 kg
disposal, polyethylene terephtalate sanitary landfill 3334 10007 5260 kg
disposal, polyvinylchloride sanitary landfill 3339 10007 7320 kg
disposal, glass sanitary landfill 3076 10007 16780 kg
disposal, polypropylene sanitary landfill 3336 10007 750 kg
disposal, newspaper sanitary landfill 3327 10007 5180 kg
disposal, packaging cardboard sanitary landfill 3328 10007 17430 kg
disposal, packaging paper sanitary landfill 3329 10007 8480 kg
disposal, paper sanitary landfill 3331 10007 16020 kg
disposal, polystyrene sanitary landfill 3367 10007 1500 kg
disposal, polyethylene sanitary landfill 3335 10007 42040 kg
disposal, tin sheet sanitary landfill 3343 10007 3790 kg
disposal, wood untreated sanitary landfill 3345 10007 5691 kg
disposal, municipal solid waste, 22.9% water sanitary landfill 3326 10007 931542 kg
disposal, inert material sanitary landfill 3324 10007 292767 kg
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Scenario 3 Waste Minimization. Background processes from Ecoinvent 2000 database. Units in kg  
Background Process Name Foreground Process Name Unit
Comment Comment BACKGROUND PROCESS ROW #FOREGROUND PROCESS COLUMN #VALU background
waste paper, mixed, from public collection Municipal Waste Generation 2556 10001 116220 kg
glass, from public collection, unsorted Municipal Waste Generation 1364 10001 41400 kg
polyvinylidenchloride Municipal Waste Generation 2673 10001 9260 kg
polystyrene, general purpose, GPPS Municipal Waste Generation 2665 10001 3700 kg
polypropylene Municipal Waste Generation 2662 10001 1850 kg
polyethylene terephthalate Municipal Waste Generation 2654 10001 12970 kg
aluminium Municipal Waste Generation 1755 10001 10780 kg
polyethylene, HDPE Municipal Waste Generation 2655 10001 48160 kg
polyethylene, LDPE Municipal Waste Generation 2656 10001 55570 kg
polyurethane, flexible foam Municipal Waste Generation 2667 10001 53720 kg
biowaste Municipal Waste Generation 420 10001 1195195 kg
tin Municipal Waste Generation 1918 10001 9360 kg
copper, primary Municipal Waste Generation 1799 10001 203 kg
wood Municipal Waste Generation 430 10001 11383 kg
ceramic tiles Municipal Waste Generation 864 10001 24786 kg
synthetic rubber Municipal Waste Generation 2676 10001 27172 kg
textile Municipal Waste Generation 2702 10001 107310 kg
polyethylene, LLDPE Municipal Waste Generation 2657 10001 70961 kg
disposal, lorry 16t Municipal Waste Collection 3178 10002 180 unit
diesel Waste Transfer Station 2343 10003 6,24E-02 kg
transport, municipal waste collection, lorry 21t Transportation TS to landfill 4018 10004 50 tkm
glass, from public collection, unsorted Recycling Hubs 1364 10005 34430 kg
waste paper, mixed, from public collection, for further treatment Recycling Hubs 2527 10005 60880 kg
corrugated board, recycling fibre Recycling Hubs 2507 10005 35800 kg
polystyrene scrap, old Recycling Hubs 2663 10005 154020 kg
copper, secondary Recycling Hubs 1805 10005 170 kg
aluminium scrap, old Recycling Hubs 1754 10005 16740 kg
building, hall Recycling Hubs 3653 10005 110 m2
diesel Recycling Hubs 2343 10005 6,10E-02 kg
electricity mix Recycling Hubs 900 10005 8,16E-02 KWh
conveyor belt Recycling Hubs 3660 10005 3,00E+01 m 
anaerobic digestion plant, biowaste Biogas Plant 3629 10006 1 unit
disposal, biowaste, to anaerobic digestion Biogas Plant 339 10006 459 kg
diesel Biogas Plant 2343 10006 0,379 kg
sanitary landfill facility sanitary landfill 4024 10007 1 unit
disposal, aluminium sanitary landfill 3318 10007 3610 kg
disposal, polyethylene terephtalate sanitary landfill 3334 10007 2330 kg
disposal, polyvinylchloride sanitary landfill 3339 10007 1660 kg
disposal, glass sanitary landfill 3076 10007 7430 kg
disposal, polypropylene sanitary landfill 3336 10007 330 kg
disposal, newspaper sanitary landfill 3327 10007 2300 kg
disposal, packaging cardboard sanitary landfill 3328 10007 7720 kg
disposal, packaging paper sanitary landfill 3329 10007 3760 kg
disposal, paper sanitary landfill 3331 10007 7090 kg
disposal, polystyrene sanitary landfill 3367 10007 670 kg
disposal, polyethylene sanitary landfill 3335 10007 18620 kg
disposal, tin sheet sanitary landfill 3343 10007 1680 kg
disposal, wood untreated sanitary landfill 3345 10007 3130 kg
disposal, municipal solid waste, 22.9% water sanitary landfill 3326 10007 744370 kg
disposal, inert material sanitary landfill 3324 10007 270300 kg
